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EXPERIMENTS WITH DDT IN FILTER 
FLY CONTROL 


By WiuuiaMm C. BroTHERS 


First Lieutenant, Sanitary Corps, Camp Fannin, Texas 


For many years investigations have 
been made of the fauna and flora re- 
sponsible for the biological activity oc- 
curring in rock filters of sewage treat- 
ment plants. A compilation of avail- 
able information relative to these com- 
plex processes reveals a paucity of un- 
derstanding of them. Before all of 
these activities may be properly corre- 
lated it is necessary to divide the gen- 
eral picture into a series of component 
parts which may be investigated indi- 
vidually. This paper is an attempt 
to contribute from an _ entomological 
standpoint to the knowledge of those 
members of the insect family Psycho- 
didae which are involved in the proc- 
esses occurring in a trickling filter. 

These Psychoda, commonly referred 
to as ‘‘filter flies,’’ are usually consid- 
ered only as a nuisance but occasion- 
ally filter fly larvae may develop in 
sufficient quantity to cause clogging of 
the bed. In addition, when these fly 
larvae are excessively numerous they 
deplete the fungus growth essential to 
efficient filter operation. 

This condition existed in the Aero- 
filters of the Camp Fannin, Texas, sew- 
age treatment plant during the greater 
part of 1944. The situation became 
such that not only was practically all 
growth consumed from the rocks but 
the filter bed and pipe lines became 
clogged. The methods currently used 
for controlling these fly larvae were: 
(1) applieation of caustic soda to the 
filter, (2) addition of copper sulfate to 
the sewage and (3) flooding the beds 
at regular intervals. The latter treat- 


ment was the one most commonly used 
and was probably the most effective but 
it also had certain undesirable effects. 
It was noted that each flooding served 
in reducing the fly population only 
temporarily and actually contributed to 
the removal or injury of the remaining 
filter growth. As a consequence, each 
flooding was followed by a short period 
of lowered plant efficiency. 

In 1945 an attempt was made to find 
a control method more convenient in 
application and less detrimental to ef- 
ficient operation than the usually pre- 
seribed flooding. To this end the new 
insecticide (dichlorodipheny]-trichloro- 
ethane) usually referred to as ‘‘DDT”’ 
was utilized. This report presents the 
information obtained in experiments 
conducted with DDT between April 2, 
1945 and October 8, 1945. 


Properties of DDT 

Commercial DDT is a white erystal- 
line substance practically insoluble in 
water but soluble in most organic 
solvents. Preliminary experimental 
work with DDT insecticides indicated 
that this poison produces a delayed 
toxie reaction upon the insect nervous 
system. DDT thus differs from most 
insecticides because the ‘‘knoeckdown’’ 
and death of the insect is more rapid 
where agents such as pyrethrins and 
rotenone are used. With most insects 
death does not follow instantly after 
contact with DDT but ranges from a 
few minutes to several hours. During 
this period the typical reaction is for 
the insect to have rather violent nerv- 
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ous spasms or tremors for short periods 
of time and then partially recover for 
a few moments. This procedure is re- 
peated until the tremors become prac- 
tically incessant, a condition which is 
followed by death. Thus, after contact 
with DDT, there usually follows a 
period often ranging up to several 
hours before death when the co-ordina- 
tion of the insect is impaired to such an 
extent that it is not as destructive as 
usual. Since death does not always 
occur immediately after contact with 
the DDT, but is frequently delayed 
considerably, this presents a rather 
radical conception of insecticide re- 
action. 

While DDT has proved to be ex- 
tremely efficient when used against 
adult flies, thus far the use of DDT in 
the control of fly larvae in sludge beds 
and pit latrines has given rather poor 
results. Some entomologists attribute 
this to the fact that the nervous sys- 
tems of these larvae are not too well 
developed, so that the toxicity of the 
DDT is reduced accordingly. Because 
of these apparently poor results on fly 
larvae it was not known what effect 
the DDT would have on Psychoda 
larvae in the filters. 

Since DDT is so highly toxic to many 
insects, considerable discussion arose as 
to the desirability of its use by hu- 
mans. It is the belief of the author 
that to a certain extent its danger has 
been over-emphasized. During the 
past two years he has been almost con- 
stantly in contact with it and has had 
many individuals under his supervision 
also using DDT daily. Ordinary pre- 
cautions are taken not to have DDT in 
oil solutions or emulsions in contact 
with the skin for prolonged periods, 
but even at this late period no harmful 
effects have been noted on any indi- 
vidual. It is believed by the author 
that no plant operator should fear 
using DDT routinely if he does not 
permit it to remain in contact with his 
skin for long periods of time, and does 
not constantly inhale it. 
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Since DDT is not soluble in water it 
was decided that DDT in emulsified 
form would be most appropriate for 
application at trickling filters. Use of 
an emulsion would facilitate a more 
even distribution of the toxic agent 
throughout the entire volume of sew- 
age than would a non-soluble powder, 
or an oil solution which might have a 
tendency to remain on the top of the 
water. In addition, it was felt that an 
emulsion would have less harmful ef- 
fects on filter growth than would an 
oil solution. 


Preliminary Considerations 


The sewage treatment plant at Camp 
Fannin, Texas, is of a type common to 
the municipal field. It consists of two 
standard Imhoff tanks, two Halverson- 
Smith type Aero-filters with reaction 
type distributors, followed by two final 
clarifiers. The sewage flows by gravity 
through the plant. The sludge from 
the clarifiers is returned to the Imhoff 
tanks. Approximately 25 per cent of 
the final effluent is recirculated through 
the filters. 

The highly toxic nature of DDT de- 
manded that careful consideration be 
given to its use because of possible 
deleterious effects which would de- 
crease the efficiency of the treatment 
plant. No information was available 
showing the action of DDT on the adult 
and larval forms of filter flies or on 
the filter growth, nor was information 
available to indicate what dosage of 
DDT might be needed to aecomplish 
larval eradication. Prime considera- 
tion also had to be given to the possi- 
bility that the DDT and chemicals such 
as diluents or emulsifiers might reduce 
the efficiency of the plant to such an 
extent that their use would be prohibi- 
tive. In order to discover the answer 
to some of these unknown factors the 
tests were planned to be conservative 
and safe until more data were obtained. 

The first series of experiments was 
performed on small areas of filters with 
a comparatively high dosage of DDT, 
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the strength of DDT being governed 
by the total flow of sewage over the 
area to be treated. When this did not 
adversely affect the filter growth or the 
operation of the plant, it was felt safe 
to expand the treatment by application 
of a weak concentration of DDT to an 
entire filter, and then increase the 
dosage in accordance with the results 
obtained. 


Characteristics of Filter Flies 


Any control measure of necessity had 
to be governed by the characteristics 
of the filter flies. This resulted in a 
close examination of the physical fea- 
tures and habits of the existing larvae. 

Present in the filters were two species 
of filter flies, namely Psychoda alter- 
nata Say and Telmatoscopus albipunc- 
tatus (Will). The former is the 
smaller of the two and in general is 
pale gray in color. Its larvae also are 
pale in color and are found in the well- 
known coarse grayish colored material 
resembling wet paper, which adheres 
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closely to the filter media and is diffi- 
cult to remove. As the larvae and 
pupae within this material develop and 
increase in numbers, the paper-like ma- 
terial gradually displaces the filter 
growth on the affected stone. Un- 
molested larval development will soon 
allow the larvae to denude the filter 
media of all growth up to the filter sur- 
face, at which point an algal growth 
oceurs that apparently resists the in- 
vading action of the larvae. Holes 
have been dug in the filter media to a 
depth of 214 feet and the presence of 
this paper-like material containing 
larvae was confirmed. It was noted 
that quite often as larval development 
progressed, the paper-like material ap- 
peared to advance with the larvae into 
the filter growth around the perimeter 
of a stone, leaving a patch in the center 
bare except for the presence of the 
adult flies. This condition is clearly il- 
lustrated in Figure 1. 

The adults of J. albipunctatus are 
larger in size than those of P. alternata 





FIGURE 1.—Trickling filter stone showing infestation by adult filter flies. 
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and are considerably darker in color. 
The general appearance is somewhat 
of a speckled blue or dark gray color. 
The larvae of this species differ from 
those of P. alternata both as to size, 
eolor, hardiness, and motility. In gen- 
eral the larvae of 7. albipunctatus are 
slightly larger in size, are of a dark 
brown coloration bordering on black, 
are extremely tough and hard to kill, 
and are very active. These are not 
found in the paper-like substance com- 
mon to P. alternata. A few larvae will 
appear on a stone and as they develop 
all of the filter growth will be eaten off, 
leaving the rock entirely bare. Figure 
2 illustrates this condition, the white 
portions being those areas affected by 
the larvae and the darker areas being 
unaffected. The numerical increases 
evident with 7. albipunctatus larvae 
were both rapid and extensive. With- 
in a very short period of time they 
would be present in a large area and 
would completely fill all interstices. 
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This is partially illustrated in Figure 
2. In contrast to those of P. alternata, 
the larvae of TJ. albipunctatus will 
progress to the surface of the filter 
where they will even consume the algal 
growth. Figure 3 demonstrates this, 
the light areas being the result of this 
larval action. This discussion also em- 
phasizes the degree to which filter flies 
had invaded the trickling filters at 
Camp Fannin. 


Experimental Criteria 


The determination of the results of 
any tests attempting to control filter 
flies presented a rather unique prob- 
lem, the reason being that no precise 
information could be found in the lit- 
erature which would serve as an accu- 
rate criterion. It was felt that any 
work done on a filter should be evalu- 
ated in accordance with any reduction 
in larval density, the adult population 
as seen on the area outside of the filters 
and, finally, the efficiency of the filter 





FIGURE 2.—Close-up view of trickling filter surface at Camp Fannin, Texas, show- 
ing stones denuded of growth by filter fly larvae. Note heavy infestations of larvae in 


foreground. 
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FIGURE 3.—Portion of filter surface, Camp Fannin, Texas, showing absence of growth 
in some areas caused by filter fly larvae. 


as reflected specifically in the biochemi- 
eal oxygen demand reductions. <Ac- 
cordingly, the overall results of this 
work were based on larval density with- 
in the filter, adult density outside of 
the filter rocks, and the biochemical 
oxygen demand as determined before 
and after treatment. 


Larval Density 


The absence of information relative 
to an accurate method of determining 
larval density necessitated the develop- 
ment of an entirely new method. As 
the larval characteristics and habits of 
the two species of filter flies varied so 
greatly, the problem was made still 
more complex. 

P. alternata larvae, as illustrated in 
Figure 1, adhere closely to the filter 
media and are difficult to remove, 
whereas those of 7. albipunctatus, illus- 
trated in Figure 2, are not encased in 
any closely adhering material. In ad- 
dition to this, it was noted that the 
two species were present on adjacent 


stones in many instances, so it would 
be impossible to pick an area that con- 
tained one species and then pick an- 
other area containing the other. Had 
both species been easy to remove, it 
would have been feasible to take a 
known quantity of filter media, wash 
off the larvae, and then devise a practi- 
eal method of larval counting. Be- 
cause this was impossible, a method was 
employed to compensate for the differ- 
ence in larval characteristics but it was 
not as accurate as would be desired. 
This procedure should be refined or a 
completely new one developed by other 
workers. For the purpose of this work, 
however, it gave a sufficiently true pic- 
ture of the gross increases and de- 
ereases evident in the larval popula- 
tion. 

The theory followed was that any 
given weight of filter growth contain- 
ing 7. albipunctatus larvae and of the 
paper-like material containing P. alter- 
nata larvae should contain a definite 
number of larvae’ Therefore, ten 
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samples, each containing two grams of 
filter growth containing both 7. albi- 
punctatus larvae and the paper-like 
material containing P. alternata, were 
scraped from the filter media with a 
knife. By diluting this material with 
clear water and very carefully count- 
ing the number of larvae in each 
sample, an average number of larvae 
per gram was determined. An effort 
was made to remove only the. larvae 
but a small amount of filter growth was 
always present in the samples as the 
two could not be completely separated. 
In order to check the accuracy of the 
ten individual samples, one final 
sample containing five grams of filter 
growth material containing both spe- 
cies of larvae was taken and the indi- 
vidual larvae counted as before. This 
final five gram sample, by coincidence, 
contained exactly the same average 
number of larvae per gram that the 
two-gram samples had contained. It 
was felt that the average number of 
larvae per gram throughout the filter 
would not vary greatly from that de- 
termined from the samples counted. 
Table I presents the data obtained 
from the individual samples and it will 
be noted from this information that an 
average of 301 larvae per gram was 
established. 

After determining the average num- 
ber of larvae per gram of material, the 
question arose as to what uniform sys- 
tem of taking samples would be most 
accurate. Because of the obvious lack 
of uniformity in the size of the filter 
media, it was not practical to take one 
eubie foot of media and scrape all the 
larvae off for counting, as some of these 
eubic-foot samples would contain nu- 
merous small stones and others would 
contain just a few large ones. The 


system finally adopted is also subject to 
errors from that cause, but is believed 
to be fairly representative when con- 
sidered over a period of time. 

A wooden frame one foot square was 
constructed. This square was placed 
on the surface of the filter and the 
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TABLE 1.—Larval Samples Counted to De- 
termine Average Number of Larvae 
per Gram * 








Sample Number wt. — le Tota ]Larvae 








1 2 404 
2 2 | 387 
3 2 | 781 
4 | z | 743 
5 | 2 423 
6 | 2 614 
7 | 2 513 
8 2 | 977 
9 2 | 720 
10 2 | 466 
Totals 20 | 6028 





Average larvae per gram = 301 





Sample No. 11 | 5 grams 1507 


| 
| 





Average larvae per gram = 301 





* Larval determinations made between April 
10, 1945 and April 20, 1945. 


stones within it were scraped free of 
larvae. The depth to which the scrap- 
ing continued was determined by the 


presence of algal growth. In other 
words, all filter media within this 
square which contained any algal 


growth was removed and the larvae 
scraped off and weighed, the resultant 
larval weight being used to determine 
the total number of larvae within the 
given area. It was realized that some 
sections of the filter would have many 
small, closely compacted stones, where- 
as other areas would have a few large 
pieces. In the closely compacted sec- 
tions the sunlight would not penetrate 
to more than an average depth of 3 to 
4 in., but in the sections containing 
large stone the light penetration be- 
tween the rocks would reach 6 to 8 in. 
Since it was usually found that many 
small stones would contain as many 
larvae as a few big ones, this system, 
when considered over a long period of 
time and over a large area, would com- 
pensate so that the overall averages 
would be about equal. Consequently, 























Vol. 18, No. 2 


the following method was used in mak- 
ing larval determinations for this 
study : 

Place the one-foot square frame on 
the surface, scrape the larvae from all 
stone inside the frame into a can (the 
weight of which had been predeter- 
mined), continue the scraping down 
to the depth at which no algal growth 
was evident, then weigh the larvae and 
determine the total number present 
from the data obtained earlier on the 
small two-gram samples. Thus, one of 
the methods of evaluating the result 
of treatment was established. 


Adult Fly Density 


In order to determine the density of 
adult flies in the areas adjacent to and 
outside of the filters, a standard New 
Jersey-style light trap was used. This 
trap was placed at the pump house, 
which is located 50 ft. below the two 
filters, in a position equidistant from 
each. The small lights at the pump 
house were turned off in order not to 
render competition to the trap. The 
large flood lights in the area could not 
be turned off, however, a factor which 
was constant every night and for prac- 
tical purposes did not deter from the 
value of information obtained through 
use of the light trap. Since both spe- 
cies of filter flies were phototropic and 
the light factors remained constant, it 
was felt that any gross increases or 
reductions in adult density would be 
critically revealed when examined over 
a long period of time. No effort was 
made to determine the density of each 
species because of the difficulty in sepa- 
rating them from a collection. 


Filter Efficiency 

The third means used for the evalu- 
ation of results from the DDT treat- 
ment was a study of the biochemical 
oxygen demand removal by the filter. 
Since there were apparently no foreign 
factors except the DDT and its allied 
chemicals which could either favorably 
or adversely affect the B.O.D. reduc- 
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tion, it was felt that a comparison of 
B.0.D. values before and after the fil- 
ters were treated would serve as an 
additional criterion for the tests. 

Summarizing, the three methods em- 
ployed for determining the results 
were: larval density as checked within 
a one-foot square frame, adult fly den- 
sity as reflected in light trap measure- 
ments, and the biochemical oxygen de- 
mand reduction in the flow applied to 
the filter. 


Larval Control Experiments 
Conducted on Selected 
Filter Areas 


Test Methods 


Considering the lack of information 
relative to the effect which DDT might 
have on a filter, it was felt that ex- 
treme caution should be exercised at 
the beginning. To prevent any serious 
damage, only a small portion of each 
filter was selected for treatment. In 
this way it was possible to treat a 
limited area with an unusually heavy 
dosage and to observe the effects with- 
out the risk of incapacitating an entire 
filter. 

The distributing arms on the filter 
distributor (Figure 3) have the nozzles 
arranged so that in most instances the 
effluent from no two nozzles will fall 
in exactly the same place. There is 
usually a certain small amount of over- 
lapping, however, or else a_ small 
amount of sewage from one nozzle will 
splash over onto the discharge area 
from the adjacent one. In first tests 
conducted, an attempt was made to 
select areas in which this overlapping 
or splashing was nonexistent or mini- 
mized to such a degree as to be negli- 
gible. Since the sewage flow through 
each nozzle could be computed quickly, 
it was thus possible to treat this known 
quantity of sewage at any desired rate. 

The dispensing apparatus consisted 
of a 5-gal. ean equipped with a house- 
hold gas burner needle valve. This 
drip can was mounted on the distribu- 
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FIGURE 4.—Drip can mounted for feed of DDT emulsion in experiments involving 
selected areas. 


tor in such a manner that all discharge 
from it would fall directly into the sew- 
age being ejected from a given nozzle. 
This is illustrated in Figure 4. In a 
few cases the overlapping from another 
nozzle was so great that one of the 
nozzles had to be turned slightly. 
Sometimes rust prevented the nozzle 
from being turned to the desired posi- 
tion and it was necessary to adjust it 
so that its discharge fell in exactly the 
same place as that from the nozzle to be 
used in the treatment. 

All DDT dosage rates are expressed 
in parts per million based on the total 
flow of sewage over the area under ob- 
servation. 

The material used in all tests was 
an emulsion containing DDT dissolved 
in Xylene, with Triton X-100 acting as 
the emulsifying agent. A stock solu- 
tion containing 20 per cent DDT, 60 
per cent Xylene, and 20 per cent Tri- 
ton X-100 was employed. By dilution 
with water, this stock emulsion was 


brought to the desired strength. Pre- 
vious experience with a DDT-Xylene- 
Triton emulsion had revealed that 
great difficulty is encountered in accu- 
rately dispensing small amounts of a 
highly concentrated emulsion through 
the orifices of most valves, consequently 
no tests were conducted with an emul- 
sion stronger than 5 per cent DDT. 

To check the effect of the treatment 
on larvae, at least two samples were 
always taken with the one-foot square 
frame within the treated area, with 
two similar additional samples being 
taken at random in an untreated sec- 
tion of the filter to serve as a control. 
No samples were taken less than 24 
hours after treatment because the DDT 
was rather slow in obtaining a kill’ of 
the larvae. In addition to these 
samples, which presented definite fig- 
ures on larval density, another manner 
of observing gross results was em- 
ployed. This consisted in digging a 
hole 2 ft. deep in the selected area 
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prior to treatment and subsequent to 
treatment and making observations 
coneerning any visible effects or 
changes that had occurred. 

Since the preliminary tests were 
made only on small selected areas there 
was obviously no noticeable effect on 
the total adult population. For these 
tests, therefore, no data are included 
from the light trap collections. 


Results 
Test Number 1 


A cireumscribed area located in the 
center of a filter at the standpipe was 
selected for the first test. Because of 
the staggered arrangement of the noz- 
zles on the distributing arms, the sew- 
age from only one orifice was dis- 
charged over this selected area, pro- 
ducing a zone 4 ft. 6 in. wide from the 
standpipe. This area was delineated 
by a wire marker. 

In order to obtain two samples 
within the treated area, one of the 
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checking frames was placed on the 
outer perimeter and the other 1 ft. 
from the standpipe. This one was al- 
ways kept at least 1 ft. from the stand- 
pipe because very little sewage dis- 
charged right next to this pipe. Fig- 
ure 5 illustrates this arrangement. 
Each day the two squares were moved 
to the next adjoining area, as indicated 
by the dotted lines in Figure 5. Be- 
cause of the size of the area the bound- 
aries of the two check squares did not 
overlap, but had at least a 1-ft. un- 
disturbed area between them. Sixteen 
days were required before the outer 
square returned to its original starting 
point and 15 days before the inner had 
returned to its starting point. It was 
noticed that by the time one eyele had 
been completed the filter growth had 
returned and resumed the normal ap- 
pearance seen before treatment. For a 
control, two samples were obtained at 
random each day from the untreated 
portions of the filter. 


























STANDPIPE 
12” DIA, 


, 


TREATED AREA INSIDE] 
WIRE MARKER 





FIGURE 5.—Location of treated areas in Test No. 1. 
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The first test was attempted at a very 
high dosage to obtain information rela- 
tive to any deleterious effect the chemi- 
eals might have on the filter growth as 
well as their effect on larvae. This test 
was conducted simultaneously on both 
filters sc that the replication might 
nullify any unusual reduction in one 
filter from natural causes. 

The anticipated DDT dosage rate 
was 3 p.p.m., based on an average sew- 
age flow of 7.1 g.p.m. through each noz- 
zle. Unfortunately, the valves were 
inaccurate and the actual quantities of 
1 per cent emulsion applied over the 24- 
hour period were 13.2 and 8.3 quarts, 
thus giving an actual dosage of 3.3 
p.p.m. on one filter and 2.1 p.p.m. on 
the other. This necessitated a duplica- 
tion of this test at a later date. 

The results of this test are sum- 
marized in Table 2. It will be noted 
that in both tests a greater larval re- 
duction occurred in the inner areas 
than in the outer portion of the zone. 
Two conditions probably reduced the 
effectiveness in the outer sections. It 
was noted that during periods of ex- 
tremely high flow a small amount of 


TABLE 2.—Results of Test No. 1 
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sewage from the next distal nozzle 
would splash over onto the treated 
area, thus causing a certain amount of 
dilution. In addition, since the imme- 
diately adjacent area contained an ex- 
tremely heavy larval population it is 
possible that there was larval migra- 
tion into the treated zone during the 
three-week period subsequent to treat- 
ment. Either of these factors could be 
sufficient to reduce the apparent ef- 
fectiveness in the outer treated area. 
These data also do not show that of 
the larvae counted in these tests, many 
dead ones were mixed among the live 
ones.. In fact, on several of the checks, 
the ratio of dead larvae was as high as 
90 per cent. Since there was no way } 
to separate the two they were all 
counted, as it was believed that the 
dead larvae would soon disintegrate 
and wash out. Because of this the ac- 
tual percentage reduction in live larvae 
would have been greater had it been 
possible to separate the dead ones. 
Table 2 also reveals that there was 
an average larval decrease of from 12.6 
per cent to 20.3 per cent in all of the 
untreated areas due to some natural 
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Prior to Treatment | 
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After Treatment 
































ebaconened a ee % Re- 
| Number | Average | Number | Average duction 
pee | er oO Per 
| Checks | Check | Checks Check 
Test 1A—3.3 p.p.m.* 
Inner treated area....... | 11 6|)« «6438671 | 11 | Zite | 79.7 Effective 32 days 
Outer treated area...... 1] 12,256 | 11 | 11,315 | 7.6 Effective 29 days 
Untreated check area....| 11 | 20,615 | Il | 19,660 | 46 | 
Untreated check area....} 11 26,031 | 11 | 21,105 -| 18.9 
Test 1B—2.1 p.p.m.* 
i en i eae | Far ae We - } 
Inner treated area....... | 11 | 17,359 | 11 | 3,56 | 80.0 | Effective 31 days 
Outer treated area...... | 11 | 2,990 11 | 1,798 | 39.9 | Effective 28 days 
Untreated check area....| 11 32,141 | 11 | 28,006 | 12.8 | 
Untreated check area....) 11 | 36,317 | 11 | 26,509 | 27.2 | 





* 24-hour dosage period. 
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FIGURE 6.—Location of treated areas in Test No. 2. 


cause. This reduction was slight com- 
pared to the 80 per cent average reduc- 
tion evident in the inner treated zones. 

Prior to treatment, a hole 2 ft. deep 
was dug within the areas to be treated 
in both filters. It was observed that all 
interstices were absolutely filled with 
healthy larvae. Three days after com- 
pletion of the treatment additional 
holes were dug in undisturbed areas 
within the zones. At this time it was 
noted that not a single larva was seen 
down to a depth of 18 in., and from 
this point on down to the bottom only 
a very few were observed. 

Five days after the treatment the 
filter growth had resumed a normal ap- 
pearance and quality in the small areas 
under observation. 

As stated earlier, no larval reduction 
was seen for 24 hours after treatment. 
There was a very sharp and marked 


reduction 72 hours after the applica- 
tion and this condition persisted for 
approximately 30 days. The resump- 
tion of larval breeding was as striking 
as had been its decrease and within 
three days time the larval population 
had again reached the pre-treatment 
level. It was considered that these 
dosages gave adequate control for four 
to five weeks. 

As would be expected, no measurable 
effect on B.O.D. removal resulted from 
DDT dosage of only a small area of 
the filter, consequently these data are 
not ineluded in Table 2. 


Test Number 2 

The anticipated dosage for Test No. 
1 had been 3 p.p.m. but, as stated ear- 
lier, the inaccuracies of the needle 
valve orifices resulted in actual dosage 
rates of 3.3 and 2.1 p.p.m., respectively. 
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Test No. 2 was conducted to give a 
duplication of these dosages. 








March, 1946 


and 2 p.p.m..a total of 24 quarts of 





emulsion was added to the selected area 



































For this test the area selected was_ in one filter and 16 quarts to the other. . 
immediately adjacent to the wire The data for this test are summarized 
marker used in Test No. 1. Two sam- in Table 3. Here it will be seen that 
ples were taken each time within the in the filter area treated at 3.0 p.p.m. 
treated area. Figure 6 shows the man- the larval reduction averaged 94.2 per 
ner in which the square check areas’ cent for the 20-day period. The larval 
were moved. By the time one square’ recovery after this time was so gradual 
had moved to the point from which the that actually several more days could 
other had started, all filter and larval be included among the days counted. 
growth had returned to the normal con- Since the untreated sections of both 
dition observed in untreated areas. filters had an increasing larval density, 

Two distributor arm nozzles dis- the noted reductions could not be at- 
charged sewage over the area involved tributed to natural causes. 
in this test. The drip can was located In the filter treated at 2.0 p.p.m. the 
in such a manner that all of the DDT larval reduction was practically negli- ; 
emulsion would discharge into the sew- gible for this test, although it had been i 
age from one nozzle. Accordingly, the excellent on the previous one. At no 
dosage rate was doubled so that in ef- time after this treatment did the larval 
fect the output from two nozzles was’ density decrease sufficiently to warrant 
treated, but each at the dosage desired its consideration as good control. 
for the test. The same interference factors ap- 

In order to insure accuracy, a man plied to this test as to Test No. 1, viz. 
constantly checked the two drip cans (1) a splashing from adjacent nozzles 
during the 24-hour period that the 1 during high flows and (2) possible 
per cent emulsion was added. To _ larval migration into the treated area 
achieve the desired dosage of 3 p.p.m. from the adjoining untreated rocks. 

TABLE 3.—Results of Test No. 2 
a ait — a ae ; 
Larval Counts | 
— aye ee } 
Prior to Treatment | After Treatment | 
| | | Observations 
hoe) eee Rey ies | % Re- | 
Number | Average Number} Average duction 
oO | Per | ° er | | 
| Checks Check | Checks Check | 
| | 
Test 2A—3.0 p.p.m.* 
SEE SE See ) oo 7 a 
Treated area No. 1..... | 10 | 10,062 Bg 4 836 | 94.2 Perfect control for 
Treated area No. 2..... | 10 | 5,090 | 8. | 37 | , more than 20 
| — | days 
Untreated check........ 10 25,840 | 8 | 33,927 438.3 
Untreated check........ | 10 20,401 | 8 | 30,025 
Test 2B—2.0 p.p.m.* } 
Treated area No.1......| 10 | 9,948 8 10,562 1,1 | Poor control 
Treated area No. 2..... | 10 | 13,288 | 8 | 8,923 | i 
Untreated check. ....... | 10 21,097 | 8 | 24,881 | 4171 | 
Untreated check........| 10 23,066 | | a 4 


| | 





* 24-hour dosage period. 
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Prior to treatment holes 2 ft. deep 
were dug in the areas to be treated in 
both filters and it was noted that all 
erevices in both filters were filled with 
the mixed larvae of P. alternata and T. 
albipunctatus. Three days after the 
treatment additional holes were dug in 
undisturbed areas of the two treated 
sections. At this time no live larvae 
and practically no dead ones were seen 
in the area treated at 3.0 p.p.m., but 
in the filter area treated at 2.0 p.p.m. 
there was only a very slight larval re- 
duction and none of the larvae seen 
were visibly affected by the DDT. 

Five days after treatment the filter 
erowth in the 3.0 p.p.m.-treated area 
had returned to normal and was re- 
ported as being very good. In the area 
treated at 2.0 p.p.m., however, there 
was practically no filter growth as the 
larvae were still present and had kept 
the media bare. 

A comparison of the B.O.D. data on 
samples taken prior to and after treat- 
ment again showed that no measurable 
effect on B.O.D. removal resulted from 
the DDT dosage of only a small area 
of the filter. 


Test Number 3 


The two previous tests had indicated 
that DDT dosages of 2.0 p.p.m. and 3.0 
p.p.m. did not have any deleterious 
effect on the filter growth. These do- 
sages had resulted in an appreciable 
larval reduction, particularly at 3 
p.p.m. In view of this, the next test 
was instituted to determine the effec- 
tiveness of a still lower dosage when 
applied to a larger area. Consequently, 
this test was.conducted at a dosage rate 
of 1.0 p.p.m. 

The area selected was at the distal 
end of the distributor arms, which was 
the region immediately adjacent to the 
outside filter wall. Since there were 
twelve nozzles discharging over this 
area the dosage was computed so that 
the DDT emulsion would be equiva- 
lent to a strength of 1.0 p.p.m. for each 
of the twelve nozzles. A drip can was 
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then placed over the outlet from one 
nozzle, as seen in Figure 4, and the 
emulsion for all twelve nozzles was dis- 
charged through it. This was equiva- 
lent to treating the 7.1-g.p.m. output 
from each of the twelve nozzles at a 
rate of 1.0 p.p.m. 

The manner of checking larval sam- 
ples within these treated areas was 
similar to that used in Test No. 2. One 
square area was started on one side of 
the filter and the other was started 
from a point on the opposite side of 
the filter. The peripheral distance was 
so great that a check square never ap- 
proached the point from which the 
other had started; thus there was no 
time at which the sampling was ob- 
tained from previously scraped media. 

The material used was a 1 per cent 
emulsion, added over a 24-hour period. 
A total of 48.7 quarts of emulsion was 
added to the treated area. 

Table 4 shows that in Test No. 34 
there was only a 3.2 per cent overall 
larval reduction during the period of 
the test. Actually there was a notice- 
able larval reduction on the fifth day 
after treatment but within three days 
time the larval density had returned to 
normal. The 69.6 per cent average re- 
duction in Test No. 3B was adequate 
for consideration as good eontrol for 
13 days subsequent to treatment. 

No visible change occurred in the 
filter growth after Test No. 3A but the 
growth in the filter used in Test No. 
3B improved markedly by the fifth day 
subsequent to treatment. This im- 
proved condition persisted until the 
larval density caused the filter media 
to become denuded approximately 15 
days after treatment. 

This test was subject to the same lim- 
iting factors noted in the two previous 
tests, viz., migration of larvae from 
untreated areas into the treated sec- 
tions and splashing of sewage onto the 
treated area from adjacent untreated 
nozzles. Despite these factors the con- 
trol in one filter was adequate but there 
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TABLE 4.—Results of Test No. 3 
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| Larval Counts 

l 

| Prior to Treatment | After Treatment 

Observations 

| | % Re- 

| Number | Average | Number} Average duction 

O | Per | of Per 
| Checks | Check | Checks Check 
Test 83A—1.0 p.p.m.* 
: as aa ee = os 5 ean | = 

Treated area no. 1..... 9 9,557 | 6 | 10,419 | 32 Not effective 
Treated area no. 2...... | 9 | 25,7381 | 6 | 23,723 : 

| 

| 
Untreated check. ..... | 9 22,391 6 | 29,558 | 4975 
Untreated check...... 9 24,180 6 | 29,829 | : 

Test 3B—1.0 p.p.m.* 
| ee ee i A cae 

Treated area No. 1......| 9 29,103 | 6 8.152 | 69.6 | Effective 13 days 
Treated area No. 2.. 9 26,878 6 | 8859 | —~" | 
Untreated check....... 27,252 | 6 | 47,814 | 1 eo | 
Untreated check....... 9 19,916 | 6 | ie 


| 
| 


37,650 | 





* 24-hour dosage period. 


was only a negligible control evidenced 
in the other treated area. 


Larval Control Experiments Involv- 
ing Entire Filter Area 


Based upon the results of the first 
three tests, it was decided to dose an 
entire filter with DDT emulsion. The 
previous tests had established to a de- 
gree the effect which high dosages of 
DDT would have on the larvae of both 
P. alternata Say and T. albipunctatus 
(Will), as well as upon the filter 
erowth, so the following tests were 
begun at relatively low dosages. 

The method employed was to com- 
pute the amount of DDT emulsion re- 
quired to give the desired dosage for a 
24-hour period. This material was 
then added to the influent of a filter 
at the headbox. In this manner it was 
possible to treat one entire filter and 
use the other as a control check. This 


would eliminate any possible migration 
of larvae from an untreated section of 


a filter onto the treated area and 
would also prevent any untreated sew- 
age from splashing over onto the 
treated areas. 

The operational procedures for an 
Aero-filter are well known to all plant 
operators. In the Camp Fannin plant 
approximately one-fourth of the sew- 
age passing through the final clarifiers 
is returned to the filters. All DDT 
dosages were computed on the basis of 
this total sewage flow over a filter. It 
can be seen that after the DDT emul- 
sion was initially added, approximately 
one-fourth of it was possibly returned 
to the filter with the recirculated clari- 
fier effluent. Within a period of a few 
hours time, however, the continuous 
addition of raw sewage would cause 
this small amount of DDT to be diluted 
to the point of being negligible. 

For these tests a 5 per cent DDT- 
Triton-Xylene emulsion was used, the 
addition being made at the influent 
headbox for each filter. 
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Results 


Test Number 4 


The object of this test was to de- 
termine if the amount of DDT emul- 
sion required for a 24-hour treatment 
could be added to a filter in a ‘‘batch’’ 
dose and still result in larval control. 
This test was conducted at a 0.25-p.p.m. 
dosage, this being the anticipated mini- 
mum dosage necessary for larval kill. 

The total average daily flow to one 
filter during the preceding month had 
been 946,000 g.p.d., which would re- 
quire 4.73 gallons of 5 per cent emul- 
sion if added over a 24-hour period. 
This amount of emulsion was taken to 
the influent headbox of a filter and 
poured in all at one time. When sub- 
sequent larval checks revealed that all 
effects from the treatment had disap- 
peared, the test was repeated on the 
other filter, with the first one now be- 
ing used as a control check to see if any 
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natural causes. It is obvious that the 
period in which the DDT remained in 
contact with any larvae was extremely 
short because the continuous addition 
of sewage over the filter tended to wash 
the emulsion through. It was esti- 
mated that the majority of the DDT 
was in contact with the larvae from 5 
to 15 minutes at the most. 

The data for this test are presented 
in Table 5, where the ‘‘ Treated Area’’ 
represents random samples taken from 
the treated filter and the ‘‘Untreated 
Area’’ refers to random samples from 
the control filter. : 

Prior to treatment a hole was dug 2 
ft. deep in the filter to be dosed. It 
was noted that practically every crev- 
ice between the stone was filled with 
larvae. Seven days after treatment 
another 2-ft. hole was dug in an un- 
disturbed part of the filter and no lar- 
val reduction whatsoever could be seen, 
the tremendous density still extending 








unusual reductions might appear from 


to the very bottom of the hole. 


TABLE 5.—Results of Test No. 4. Entire Filter Dosed 



































a - Ave. 5-Day B.0.D. 
Larval Counts Adult Fly Countst (p.p.m.}3 
= After | — After . — After Observations 
-| '% 1 El oF %, 
Treat- been Re- | lreat- bio Re- | Treat- — Re- | Filter | Filter Ke. 
— Ave. | duc- = Ave. | duc- =— Ave. | duc- | 4 oe t| # i. | duc 
ny per tion “per per tion = per tion en uent tion 
akl f Vig P 7 
Check] Check Night! | Night! Brick | Brick 
Test 4A* 

Treated | | | : 
Area No. 1 | 29,387 | 29,759 | . | 23,391 | 28,483} +0.1 | 15 25 +66.6} 62 76 | +22.5| Not effective for the 
Area No. 2 | 27,305 | 26,573 0.6 | | 7-day period. 

Untreated 
Area No. 1 | 21,230 | 30,765 
Area No. 2| 17,729 | 33,295 | + O44 

Test 4B* 

Treated 
Area No. 1 | 30,765 | 26,133 13.8 23,433 | 15,737 | 37.1 5 1 80.0; 62 53 14.5 | Poor control for 
Area No. 2 | 33,129 | 28,931 = 7-day period. 

Untreated 
Area No. 1 | 29,759 | 41,407 433.6 
Area No. 2 | 26,573 | 33,872 P 























* 0.25 p.p.m. with 12.7 m.g.a.d. flow-batch dosage. 

+ Standard N. J. style light trap operated 10 hours per night. 
1 Each check based on six samples. 

2 Each check based on three samples. 


Later 
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when the other filter was treated at the 
same dosage, exactly the same observa- 
tions were made prior to treatment and 
six days after treatment, and again no 
larval reduction whatsoever was evi- 
dent. 

It can be noted from Table 5 that in 
one filter there was a negligible larval 
reduction of 0.6 per cent; however, in 
the second filter, also treated at 0.25 
p.p.m. in the same manner, an overall 
reduction of 13.8 per cent resulted. 
For both of these tests there was a very 
substantial larval increase in the un- 
treated check areas, thus ruling out the 
possibility that natural factors had 
caused the reductions after treatment. 

Table 5 also indicates that after the 
first test the adult density as deter- 
mined by the nearby light trap in- 
creased (0.1 per cent but during the 6- 
day period after the second filter was 
treated a 37.1 per cent decrease was 
obtained. Similiarly, the number of 
adults seen on the bricks of the filter 
wall increased 66.6 per cent during the 
first test but decreased 80.0 per cent 
during the last test. 

The 5-day B.O.D. determinations on 
the filter influent and effluent revealed 
an average increase of 22.5 per cent 
for the first test, but the fact that there 
was a 14.5 per cent reduction during 
the second test would indicate that 
causes other than the DDT could have 
been in effect during the first trial. 


Test Number 5 

Because of the poor larval control 
obtained from the 0.25-p.p.m. ‘‘bateh”’ 
dosages of Tests 44 and 4B, it was 
felt desirable to attempt a test with 
this same dosage but using a longer 
contact period. Tests 5A and 5B were 
conducted at the 0.25-p.p.m. dosage 
rate, with the emulsion being applied 
over a 24-hour period. 

Again all additions were made at the 
influent headbox to the filters, the drip 
ean previously described being used 
for dispensing the emulsion. A total 
of 4.75 gallons of 5 per cent emulsion 
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was added, this being computed from 
an average daily flow of 946,000 g.p.d. 
to each filter. 

The results obtained are summar- 
ized in Table 6, where the ‘‘ Treated 
Areas’’ represent random samples 
taken from the treated filter and the 
‘‘Untreated Areas’’ refer to random 
samples from the control filter. It will 
be observed that in Test No. 5A the 
overall larval reduction amounted to 
59.7 per cent, but in Test No. 5B there 
was a 49.0 per cent larval increase. 
Since the general trend was upward 
during the period of both of these 
tests, the reason for the larval control 
failure is not known. It was con- 
sidered significant, however, that in 
one filter the larval kill was much 
greater than any obtained when the 
emulsion was added in a batch dosing. 

Two-foot deep holes dug in the filters 
prior to and after treatment revealed 
that in Test No. 5A there was a larval 
reduction of approximately 50 per cent 
down to the 2-ft. level, an indication 
that the DDT can give a kill at a 
reasonable depth below the surface. 

After both tests the adult density 
increases of 92.0 per cent and 41.8 per 
cent as determined by light trap col- 
lections indicated that the 0.25 p.p.m. 
dosage had not as yet affected the 
adult population. Observations on the 
filter wall revealed that there was a 
98 per cent decrease after the first 
test and a 33.3 per cent increase after 
the second. This dosage rate was 
therefore considered inadequate for 
proper adult control. 

The effect which the two tests had on 
the filter effluent B.O.D. is considered 
interesting. It is noted that in Test 
No. 5A there was a rather negligible 
decrease, indicating no unfavorable ac- 
tion. Test No. 5B, on the other hand, 
presented a 20.8 per cent increase in 
the 5-day B.O.D. for the filter involved. 
As this was somewhat unfavorable, a 
check was made to see if any unusual 
action had occurred in the untreated 
filter used as a control for this test. 














197 



































Vol. 18, No. 2 DDT IN FILTER FLY CONTROL 
TABLE 6.—Results of Test No. 5. Entire Filter Dosed 
: : . Ave. 5-Day B.0.D. 
Larval Counts Adult Fly Countst (p.p.m.)? 
pag | ee ees ) | | 
Prior FE -_ Prior 
an After , | After | 4) | After > . Observations 
Treat- Treat-| 1% Tres at- | Treat- | | % | Treat- Treat-| % Filter | Filte vi 
ment, | ment, | Re- aiait. | ment, | Re- | ment | ment, | Re- I J |“ Tl! Re- 
ae Ave. | duc- | “av, - | duc- | “Ave, | Ave. | duc- | 4 =i | quent | due- 
per | tion | ‘her | | tion | ‘per | Per | tion | Suen’ | Suen’ | tion 
K yheck!| | cheek Night | | Niaht| | | Brick | Brick | | | 
Test 5A* 
— sit al a: | is ee) ieee 7. ee 
Treated | | | | | | | , 
Area No. 1 | 41,407 | 17,006 | 597 | 15,737 | 30,229 | +92.0 5 | 1/10 98.0 | 64 60 6 2 | Effective 8 days. 
Area No. 2 | 33,872 | 14,277|  °™" | | | | 
| | | 
Untreated | | | | | | 
Area No. 1 | 26,133 | 38,733 | | | | 
Area No. 2 | 28,031 | 34,504 | +930 | | 
Text 5B* 
Treated | | 
Area No. 1 | 38,277 | 65,587 | 4.49.0 | 30,229 42,891} +41.8| 75 100 | +33.3/ 48 58 +-20.8 | No control for 
Area No. 2 | 36,034 | 45,192 | ards 7 days. 
Untreated | | | 
Area No. 1 | 24,049 | 22,304) , 9.4 
Area No, 2 21,606 | | 


16,073 | 





* 0.25 p.p.m. with 1 causal: 
+ Standard N. J. style light trap 
1 Each check based on six sampl 


flow—24- a panee 
operated 10 hours per night. 
es. 


2 Each check based on three samples. 


Examination of the plant operator’s 
records revealed that during this same 
period the B.O.D. in the untreated 
filter effluent increased 14 per cent, 
fact suggesting that the emulsion was 
not altogether responsible for the re- 
duction in B.O.D. removal. 

Again no damage was evident on the 
filter growth, filter media, or efficiency 
of the plant as a whole. 


Test Number 6 


The information derived from Tests 
No. 4 and 5 suggested that the degree 
of larval kill might be dependent upon 
the length of time the DDT was in 
contact with the larvae, as well as upon 
the strength of the emulsion. Test No. 
6 was performed to check the validity 
of that hypothesis. 

The dosage rate for Test No. 6 was 
established at 0.5 p.p.m., with a 30- 
minute contact period. The method of 


application was to take the amount of 
emulsion that would be required for a 


24-hour treatment and pour it all into 
the influent headbox of a filter. As 
soon as any of the white emulsion be- 
gan to appear in the nozzle discharge 
on the filter all sewage flow into that 
filter was cut off and the emulsion thus 
allowed to trickle slowly through the 
filter without being washed out. 

Since all sewage flow into this filter 
was cut off for 30 minutes, the DDT 
could theoretically be in contact with 
larvae during all of that time. Actu- 
ally, however, there were many larvae 
in protected places on the under sur- 
face of rocks which would not come in 
contact with the DDT unless they 
crawled out to exposed positions. At 
the completion of this 30-minute period 
the normal sewage flow was diverted 
back into that filter. 

A total of 9.5 gallons of 5 per cent 
emulsion was added to the influent of 
each filter, this amount being based on 
the average daily flow of 946,000 g.p.d. 
per filter. One filter was treated and 


‘ 


c 
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the other used as a control. When 
the normal larval density had returned 
in the treated filter the other one was 
then treated. This system was adopted 
both to provide a control for the treated 
filter as well as to prevent the possibil- 
ity of any harmful effects on the B.O.D. 
removal from upsetting the efficiency 
of the plant. 

When Test No. 6 A was conducted it 
was noticed that there was no appreci- 
able larval reduction for four days, de- 
spite the fact that literally hundreds 
of dead larvae were seen 24 hours after 
treatment. Since the subsequent reduc- 


TABLE 7.—Larval 
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tions showed the somewhat ‘‘spotty’ 
larval condition characteristic of all 
the tests, the actual daily larval counts 
are presented in Table No. 7 as a typi- 
cal example of these tests. When it 
is remembered that 1,000 larvae rep- 
resent just slightly over 3 grams of 
material and that these larvae came 
from many stones in a one-square foot 
area, the degree of control can be ap- 
preciated. 

From a knowledge of undesirable 
larval densities and daily observations 
in the filter, it was felt that the de- 
layed control began on August 11 and 


Counts in Test No. 6A 


























Date Treated Treated Untreated | Untreated 
(1945) Area No. 1 Area No. 2 Check Area Check Area 
Before DDT application 
August I 74,558 | 63,872 35,638 | 30,281 
August 2 | 64,565 34,856 15,592 39,040 
August 3 91,444 47,558 13,425 11,197 
August 4 55,866 49,725 14,418 | 16,826 
August 6 41,508 29,950 32,448 | 10,686 
DDT applied from 10:30 a.m. to 11:00 a.m. on August 6 
| | 
August 7 | 49,785 18,903 28,023 30,281 
August 8 26,519 22,786 | 34,344 1,926 
August 9 | 23,779 37,535 12,160 20,197 
August 10 | 21,943 32,659 | 56,227 10,114 
August 11 10,816 2,950 | 24,833 9,993 
August 13 8,548 7,375 | 18,722 23,779 
August 14 1,415 2,619 22,063 25,525 
August 15 8,037 1,716 40,846 34,013 
August 16 1,445 903 38,709 14,267 
August 17 843 933 | 30,521 35,669 
August 18 1,746 1,656 33,832 13,425 
August 20 0 0 | — 20,889 31,485 
August 21 0 692 18,120 22,033 
August 22 0 3,341 | 24,261 17,217 
August 23 0 0 32,659 28,896 
August 24 3,161 0 34,766 9,331 
August 25 0 0 27,542 21,281 
August 28 0 0 15,712 17,940 
August 30 3,221 602 18,180 25,374 
September 1 0 0 21,070 28,866 
September 4 2,707 4,726 42,772 25,766 
September 5 5,027 2,739 30,100 22,816 
September 6 5,388 8,468 34,013 35,970 
September 7 692 9,722 17,518 25,615 
September 8 5,809 12,793 26,488 46,324 
September 10 1,054 16,043 27,421 30,100 
September 11 24,140 20,137 45,692 32,237 
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was terminated by September 8. Con- 
sequently, in computing the larval re- 
duction, the figures between these dates 
were used. 

Several interesting observations were 
made during the 30-minute treatment 
periods. In both filters it was noted 
that many adults and larvae of both 
P. alternata and T. albipunctatus 
which were near the surface became 
violently active and died within 20 
minutes time. The death of some 
larvae was. attributed partially to their 
crawling into the sunlight and drying 
out, but this would not have affected 
the adults. Twenty minutes after the 
DDT had first come in contact with 
them, those larvae of both species which 
were as much as one foot under the sur- 
face had become violently agitated, dis- 
playing constant movement with trem- 
ors that were not seen in the larvae 
from an untreated filter, and many 
were dead. As soon as the sewage flow 
was again diverted onto the filters, ob- 
servations made at the clarifier influent 
revealed tremendous masses of larvae 
and pupae, many being dead and many 
being still alive. It was believed that 
the emulsion had affected the larvae 
and caused them to release their hold 
on the rocks, thus allowing them to be 
washed out. This condition was so 
much more pronounced in a treated 
filter than in an untreated one that it 
was believed to be indicative of the 
effect of the emulsion on larvae. 

The complete data for Tests 6A and 
6B will be found in Table 8, where the 
‘‘Treated Area’’ represents random 
samples taken from the treated filter 
and the ‘‘Untreated Area’’ refers to 
random samples from the control filter. 
It will be noted that in Test No. 6A 
the average larval reduction was 95.4 
per cent, the light trap reduction of 
adults was 66.5 per cent and the num- 
ber of adults on the filter walls de- 
creased 96.6 per cent. In Test No. 6B 


the average larval reduction was 44.3 
per cent, the light trap collection in- 
creased 50.8 per cent, and the number 
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of adults on the filter wall decreased 
60 per cent. These figures were clearly 
indicative of good larval control, but 
revealed that this larval reduction had 
not materially reduced the total adult 
population by the end of the test. 

Holes dug down 214 ft. in the treated 
filters prior to treatment revealed that 
there was absolutely no filter growth 
and all crevasses were filled with 
larvae. Approximately four-fifths of 
all larvae had disappeared a week after 
treatment and most of the few remain- 
ing ones were dead. 

Five days after the filters were 
treated it was noticed that a filter 
erowth was appearing. Prior to these 
treatments there had been absolutely 
none, the media being either completely 
bare or covered with larvae. By the 
eighth day after treatment the filter 
erowth had become very good and all 


media had at least a thin covering. 


Definitely no damage had occurred as 
a result of the DDT. 

It is noted in Table 8 that there was 
a 13.7 per cent increase in the filter 
effluent B.O.D. in Test No. 6A. This 
undesirable increase was expected due 
to operational procedures in the plant. 
One week after that filter had been 
treated, all sludge from the clarifier 
was pumped back over that filter. Im- 
mediately the B.O.D. increased in this 
filter and remained high for the week 
that this practice was in operation. As 
soon as the operator discontinued 
pumping this sludge back to the filter, 
the B.O.D. returned to normal. That 
one week’s increase, however, was suf- 
ficient to upset the average for this 
test. 

In reviewing these two tests it will 
be seen that the average larval reduc- 
tions were 95.2 per cent and 44.3 per 
cent. The adult density as refiected in 
light trap collections decreased 66.5 
per cent during the first test but in- 
creased 50.8 per cent after the second. 
The number of adults seen on the filter 
walls decreased 96.6 per cent and 60.0 
per cent. 
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No deleterious effects from the DDT 
were revealed by the B.O.D. samples of 
the filter influent and effluent. The 
filter growth improved considerably 
approximately 6 days after the filters 
were treated. 


Adult Fly Control by Sprayed 
Residues on Resting 
Surfaces 


In the early spring of 1945 consider- 
able annoyance was being encountered 
at the treatment plant by adult filter 
flies. The plant operators urgently re- 
quested and insisted upon immediate 
attempts to alleviate the almost un- 
bearable condition. Since the author 
had just been assigned to Camp Fan- 
nin, it was impossible to obtain the 
desired pretreatment data on the first 
test. Certain observations and results 
were obtained, however, which were 
considered noteworthy. 

A standard N. J. style light trap was 
placed at the pump house, located equi- 
distant from the two filters, to obtain 
the numerical density of the flies after 
treatment. The operation hours were 
from 7:00 p.m. until 7:00 a.m., daily. 
It was felt that if the spraying of adult 
resting places was a very effective 
means of control, the light trap data 
obtained after treatment would reflect 
to some extent the degree of control. 

In addition to this, observations were 
made prior to treatment as to the aver- 
age number of adults seen resting on 
the first two courses of brick above 
the water line on the filter wall. This 
was compared to the same observations 
made after treatment. Obviously, this 
method was subject to errors due to 
elimatie conditions but, nevertheless, 
gross differences could be noted. 

A third means of determining the 
long-range value of sprayed residues 
was by observation of the larval den- 
sity within the filters subsequent to 
treatment. It was believed that if the 
adults were returning to the filter beds 
to oviposit there would be a substantial 
reduction in the larval population after 
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a reasonable period of time. In this 
respect it was also unfortunate that for 
the first test no pretreatment data 
could be obtained, but the larval densi- 
ties determined three weeks after the 
residues had been sprayed were note- 
worthy and interesting. 

All exposed surfaces of the following 
units were treated: filter walls, effluent 
and inspection wells for both filters, 
pump house, raw sewage influent head- 
box, and the meter house. These con- 
stituted practically every available sur- 
face upon which adults could rest. 
The total surface area sprayed was 
4,373 sq. ft. 

A total of 15 gallons of 5 per cent 
DDT in kerosene was deposited on 
these surfaces with an ordinary five- 
gallon knapsack sprayer commonly 
used in mosquito control work. The 
rate of application was therefore 645 
mg. of DDT per sq. ft. of surface area. 
Previous work done by the author and 
other entomologists had indicated that 
a dosage rate of 300 mg. per sq. ft. is 
ample for the control of adult house 
flies and mosquitoes, but this unusually 
heavy application was made to abate 
the filter fly nuisance. 

The data for the daily light trap col- 
lections and larval sampling will be 
found in Table 9. It was interesting 
to note that for the 40-day period after 
DDT was applied to the resting sur- 
faces, a daily average of 6,113 adults 
were collected from the light trap. 

The effect which lowered tempera- 
tures and relatively high winds had on 
the adult collections can be clearly 
noted in Table 9. Warmer weather 
with calm nights no doubt would have 


raised the average adult density 
considerably. 
Three weeks after treatment the 


larval population was so high as to be 
considered uncontrolled, a condition 
also persistent through the 40-day pe- 
riod. The thirty samples taken in each 
filter during that period presented 
averages of 23,041 and 35,814 larvae 
per check. 
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TABLE 9.—Effect of DDT-Sprayed Residues on Adults and Larvae. 
Surfaces Treated April 2, 1945 

















| 


| 


Ave. Larvae Per Checkt 





| 
| ° ‘ 
oan | Total Adults* Min. Daily, ~_ |. el Ne an re 
| | Filter No. 1 Filter No. 2 
April 3 7,600 54 -- - 
April 4 110 44—-Windy | — 
April 5 0 30—Windy | | 
April 6 0 32—Windy | 
April 7 0 36 - 
April 8 6,000 42 | | : 
April 9 11,100 | 54—Windy - 
April 10 5 | 61—Windy | 
April 11 250 | 66 | | a 
April 12 4,275 | 57 | ~~ | 
April 13 7,125 72 | — | — 
April 14 1,900 70—Windy — | 
April 15 1,900 66—Windy | 
April 16 200 48—Windy - 
April 17 321 | 44—Windy 
April 18 2,130 48—Windy 
April 19 | 4,750 50 
April 20 21,850 56 
April 21 | 15,200 60 
April 22 4,000 58 | 
April 23 4,540 55 - - 
April 24 19,950 56—Windy 15,366 | 45,426 
April 25 50 48—Windy 17,081 | 27,001 
April 26 2,850 46—Windy 25,540 30,356 
April 27 1,900 50—Windy | 27,331 42,049 
April 28 9,025 56 25,494 34,028 
April 29 5,000 48 
April 30 5,450 44 | 31,108 55,474 
May 1 8,075 61 
May 2 16,150 58—Windy 15,050 46,429 
May 3 475 52—Windy 28,745 24,501 
May 4 23 40—Windy 16,435 37,098 
May 5 | 1,425 42—Windy 20,212 27,045 
May 6 9,950 52—Windy 
May 7 10,000 58—Windy 17,879 | 28,716 
May 8 239 52—Windy 24,065 37,805 
May 9 11,875 62 20,242 36,210 
May 10 29,450 63—Rain 36,632 30,566 
May 11 475 62—Rain 24,441 33,938 
May 12 19,000 86 


| 





* Light trap operated from 7:00 p.m. to 7:00 a.m. 


punctatus in approximately equal numbers. 
t Based on two samples each day from eacl 


Whereas the light trap collections 
and larval samples revealed that the 
excessively heavy sprayed residues did 
not eliminate or substantially reduce 
the total fly population, the picture 
presented by counting the average 
number of adults resting on the filter 
wall was entirely different. The aver- 


age of four adults per brick prior to 


1 filter. 


This includes both P. alternata and T’. albi- 





treatment was reduced to an average 
of Yo per brick eight days after treat- 
ment. As the weather was comparable 
for the two tests, it seems possible that 
the solution had exerted a slight 
repellency. 

Since the larval experiments were 
being conducted during the remainder 
of the summer and the light trap data 
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used in that work, this sprayed residue 
test could not be repeated until fall. 
This same experiment was at that time 
duplicated, however, using exactly the 
same amount of DDT solution, applied 
in the same manner to the same sur- 


faces. In this connection it should be 
noted that there undoubtedly were 
many DDT erystals still present on the 
surfaces from the first test. This would 
result in a DDT deposit greater than 
645 mg. per sq. ft. 


TABLE 10,—Effect of DDT-Sprayed Residues on Adults and Larvae 


























Ave. Larvae Per Checkt 
omg Total Adults* Min. ee — 
Filter No. 1 Filter No. 2t 
Before Treatment 

September 11 14,500 69 22,138 — 
September 12 14,000 64 3,492 — 
September 13 30 66 23,869 = 
September 14 76 d4 33,727 — 
September 15 7 43 27,461 _ 
September 16 20 47 — — 
September 17 27 56 18,944 —_ 
September 18 | 53 50 41,583 — 
September 19 | 475 50 30,883 — 
September 20 | 7,600 66 27,827 = 
September 21 19,000 70 32,944 — 
September 22 | — 28,500 70 | 32,192 — 
September 23 20,000 68 — = 
September 24 19,900 67 28,467 — 
September 25 29,450 72 38,829 — 





After Treatment—All Surfaces Sprayed with DDT at 645 mg. per sq. ft. 





| 

September 26 | 19,000 
September 27 15,200 
September 28 | 20,900 
September 29 | 256 
September 30 | 255 | 
October 1 | 250 
October 2 | 475 
October 3 | 3 
October 4 | 7 
October 5 14 
October 6 | 122 
October 7 22,325 
October 8 | 22,300 
October 9 66 
October 10 —_ 
October 11 | 11 
October 12 | 10 
October 13 1] 
October 14 | 22 
October 15 27 
October 16 23 
October 17 30 








65 | — aoe 
66 38,299 16,299 
64 51,937 21,416 
66 } 

62 

58 34,178 23,447 
58 49,304 16,766 
52 45,526 21,491 
58 32,914 23,207 
59 —_ — 
68 40,906 24,862 
60 — — 
60 46,188 17,518 
46 a -- 
42 §1,712 32,132 
42 36,015 33,452 
42 | 47,829 40,830 
44 | 38,769 32,402 
46 - = 
54 46,173 24,983 
41 46,504 37,098 
39 33,907 36,752 











* Light trap operated from 7:00 p.m. until 7:00 a.m. Both P. alternata and 7’. albipunctatus 


in approximately equal numbers. 


+ Based on two samples each day from each filter. 
t Filter No. 2 was under effect of larval control test until Sept. 26. 
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In Table 10 it will be noted that 
three days after the resting surfaces 
were sprayed there was a sharp de- 
crease in adult density outside of the 
filters, due apparently to the DDT. 
Despite this, however, there was an 
average daily collection of 4,824 adults 
for the 3-week period following the ap- 
plication. This decrease was followed 
by a rather marked lowering of the 
temperature, a factor which had af- 
fected densities during the previous 
adult and larval tests. It was interest- 
ing to note the sharp adult increase evi- 
dent after the rise in temperature on 
October 6. Since low temperatures are 
unfavorable for the collection of large 
numbers of adult filter flies, it was felt 
that consideration should be given to 
this in analyzing the results of the test. 

Military duties prevented daily 
larval sampling but, as seen in Table 
10, thirty samples were taken in each 
filter during a 3-week period follow- 
ing the treatment. The averages of 
42.677 and 26,843 larvae obtained in 
the 3-week period after treatment, suf- 
fice to show the complete lack of larval 
control. 

During this test observations re- 
vealed literally thousands of dead and 


affected larvae on the ground sur- 
rounding the filter walls. In warm 
and favorable weather undoubtedly 


many adults would live long enough to 
invade the pump house. When all 
factors from both tests were weighed 
carefully it was the belief of the author 
that the degree of adult filter fly con- 
trol obtained from sprayed residues 
was not sufficient to prevent annoyance 
from these insects during periods of 
warm weather. In fact, the unusually 
heavy dosage applied on the first test 
did not itself afford more than a neglli- 
gible amount of relief from them. 
Both tests clearly showed that larval 
reduction or eradication was not ac- 
complished by depositing DDT on 
adult resting surfaces. Close study of 


the habits and characteristies of filter 
flies led to the conclusion that many 


SEWAGE WORKS JOURNAL 


March, 1946 


adults remain in the filter bed during 
their life span and oviposit there with- 
out ever migrating to the open air. 

If this is true, sprayed residues on 
adult resting areas would naturally 
never be able to eliminate the problem 
completely because the majority of the 
adults hatching in a filter would never 
come in contact with the DDT but 
would continue to reproduce beneath 
the stone. Since the filter flies are 
phototropie, many of those hatching 
near the filter surface would be at- 
tracted to the lights of the pump house 
during favorable weather, thus ac- 
counting for the influx which caused 
annoyance. 


Summary and Conclusions 


Larval control experiments conduc- 
ted on selected areas of filter bed were 
limited by the deposition of the DDT in 
relatively narrow strips, the dilution of 
this material during high flows by 
splashing of untreated sewage from ad- 
joining nozzles, and the possible migra- 
tion into the treated zones by larvae 
from the adjacent untreated bed. De- 
spite these considerations the following 
results were obtained in the applica- 
tion of a 1 per cent DDT emulsion by 
means of a drip can, to selected areas 
of filter bed over a 24-hour period, for 
control of the larvae of P. alternata 
and 7. albipunctatus: 

1. A 3.3 p.p.m. dosage accomplished 
an average larval reduction of 45.7 per 
cent, whereas a 3.0 p.p.m. dosage effec- 
ted a 94.2 per cent average larval re- 
duction. Both dosages were considered 
adequate for effective control. 

2. Dosages of 2.1 p.p.m. and 2.0 
p.p.m. resulted in average larval de- 
creases of 74.1 per cent in one filter and 
16.1 per cent in the other. Rather poor 
control was therefore indicated. 

3. Two tests with an application rate 
of 1.0 p.p.m. disclosed only 3.2 per cent 
and 69.6 per cent larval reductions. 
The length of the effective periods for 
this dosage was slightly over one week, 
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which rendered it inadequate for prop- 
er control. 

4. Dosages ranging from 1.0 p.p.m. 

to 3.3 p.p.m. of DDT did not adversely 
affect the filter growth in the small 
areas involved in these tests but actu- 
ally improved this growth by eliminat- 
ing the excess larvae. 
5. A comparison of the 5-day B.O.D. 
samples taken from the filter influent 
and effluent disclosed no ill effects at- 
tributable to the application of DDT 
and its allied chemicals to selected 
areas of the filter bed. 

Larval control experiments involv- 
ing entire filter bed areas were free 
from the undesirable limiting factors 
present in the previous tests, therefore 
the data obtained were considered more 
informative and reliable. All treat- 
ments were accomplished by the addi- 
tion of a 5 per cent DDT emulsion to 
the influent headbox of the filters, with 
the following results being obtained: 

1. The application in a batch dosage 
at a rate of 0.25 p.p.m. presented neg- 
ligible larval reductions of 0.6 per 
cent in one filter and 13.8 per cent in 
the other, both of which were con- 
sidered inadequate for control. Holes 
2 ft. deep in both filters revealed no 
larval reduction at that depth. It 
should be recalled, however, that the 
DDT applied in this manner probably 
was in contact with the exposed larvae 
for not more than a very few minutes. 
The alternate treatment of the two 
filters did not give clear-cut indica- 
tions of desirable adult reductions. 

2. The application of DDT at this 
same rate of 0.25 p.p.m., but added to 
an entire filter over a 24-hour period, 
gave an average larval reduction of 
59.7 per cent in one test. This was 
offset by a 49.0 per cent increase when 
repeated on the other filter. For both 
24-hour tests 50 per cent larval de- 
creases were noted at a depth of 2 feet 
in the filter beds. It was considered 
significant, however, that the larval 
kill was much greater than any ob- 
tained when the emulsion was added 
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in a batch method. This indicated that 
possibly the length of contact period 
influenced the degree of larval kill. 
Again the alternate treatment of the 
filters did not favorably affect the adult 
populations. 

3. Effective control was obtained 
when a DDT dosage of 0.5 p.p.m. was 
applied in a batch dose and the sew- 
age flow diverted so as to allow the 
DDT to trickle slowly through the fil- 
ters for a 30-minute period. Larval 
reductions of 95.4 per cent and 44.3 
per cent were obtained in the two 
tests, with an 80 per cent overall de- 
erease at a depth of 2 ft. in the filter 
bed. Within 20 minutes of the applica- 
tion a very substantial initial kill had 
been obtained on both adults and 
larvae of P. alternata and T. albipunc- 
tatus. This dosage with its 30-minute 
contact period gave effective larval con- 
trol for approximately thirty days, and 
resulted in such adult filter fly reduc- 
tions as to warrant its consideration as 
an adequate control measure. 

Several general observations relat- 
ing to this phase of the work should be 
mentioned at this point as they have 
a direct bearing on the solution of the 
filter fly problem. 

As noted in the tables, there was a 
general upward trend in the larval 
densities of untreated filters. Because 
of this it is felt that the favorable re- 
sults obtained from the treatments 
were produced by the DDT and not by 
some unknown natural causes. 

No difference could be seen in the 
speed or completeness with which the 
DDT reduced the larval population of 
P. alternata Say and T. albipunctatus 
(Will). This indicated that their sus- 
ceptibility to DDT is approximately 
equal, so control measures directed 
against one need not be especially al- 
tered to control the other. 

It was not known whether the lethal 
action of the DDT was due to toxicity 
to the insect’s nervous system or wheth- 
er it acted as an intestinal poison. The 
methods of application employed in 
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these tests would possibly indicate, 
however, that death was caused by the 
DDT acting as a contact poison. In 
this respect attention is invited to the 
fact that the length of the contact 
period had a definite effect upon the 
mortality rate. When a dosage of 0.25 
p.p.m. was applied in a batch dose 
practically no control was evidenced 
but when the same amount of emulsion 
was added over a 24-hour period an 
appreciable reduction occurred. Also, 
when a 0.5 p.p.m. dosage was employed 
with a 30-minute contact period, a large 
number of both adults and larvae were 
seen to be dead and dying a half-hour 
after this contact with the DDT. Thus, 
it appears that the degree of kill could 
be increased considerably by extending 
the contact period to perhaps two 
hours. 

During no test was damage ever 
produced upon the filter growth, but 
quite definite improvements were seen 
in all tests. DDT appears to be specific 
for insects and its activity in these ex- 
periments indicated that it was not a 
fungicide. Although there are many 
other solvents and emulsifiers which 
can be used to good advantage, it is 
possible that certain ones might in 
themselves prove to be fungicides, a 
fact which would emphasize the need 
for caution in any attempted large 
scale work. 

Throughout this work no deleterious 
effects attributable to the DDT and its 
allied chemicals were evident in the 
5-day B.O.D. samples taken from the 
filter influent and effluent. It is be- 
lieved by the author that considerably 
higher dosages of this material could 
be used before the efficiency of the 
filter would be impaired. 

The experiments conducted to de- 
termine the value for adult control of 
DDT-sprayed residues on resting sur- 
faces disclosed several interesting 
facts. Although complete pretreat- 
ment data could not be secured, the 
figures obtained after the application 
of 645 mg. DDT per sq. ft. indicated 
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that poor adult control was accom- 
plished with this method. During the 
40-day period following the first test, 
a daily average light trap collection of 
6,113 adults was obtained, with a daily 
average of 4,824 for the 3-week period 
following the second test. During 
both of these tests there were many 
days of lowered temperature, which 
condition would limit the number of 
adults subject to collection. 

Observations made as to the number 
of adult flies resting on the bricks of 
the filter wall would indicate that ex- 
cellent adult control had been obtained. 
Since the light trap collections defi- 
nitely revealed that considerable adults 
were not only present, but flying at 
night, the value of relying upon a count 
of adults seen resting on a surface was 
questioned. 

The application of sprayed residues 
on adult resting surfaces did not elimi- 
nate or materially reduce the larval 
population within the filter beds. 
Thirty samples were taken in each 
filter during the 40-day period follow- 
ing the first test, with the average 
number of larvae per check being 
29,427. In the 3-week period follow- 
ing the second test thirty samples were 
again taken in each filter and the aver- 
age number of larvae per sample re- 
mained high, this time being 24,760. 
These figures clearly indicated the com- 
plete lack of larval control accom- 
plished by the treatment. 

It is believed by the writer that the 
reduction or elimination of adults 
which are outside of the filter beds 
will not effect any appreciable larval 
control. The basis for this assumption 
lies in the fact that during the course 
of this study it was noted that thou- 
sands of adults were always found 
present even at a depth of 2 ft. in the 
filter media. It is believed that many, 
if not the majority, of these adult filter 
flies remain within the bed during th ir 
entire life span and oviposit there 
without ever leaving the filter. Thus 
many would never come in contact with 
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the sprayed residue of DDT. Also it 
is questionable how many Psychoda 
adults will return to the filter beds 
after they have once left. 

The materials and methods of appli- 
cation employed both in the treatment 
of an entire filter for larval control 
and in the deposition of sprayed resi- 
dues of DDT for adult control of P. 
alternata and T. albipunctatus were 
such that these procedures can be easily 
and quickly performed by any plant 
operator. 

For the benefit of any operators 
who might desire to utilize this method 
of controlling filter flies, the following 
suggestions are offered as an aid in 
preparing the emulsion and applying 
it to a filter: 

1. Obtain an open container which 
will hold 10 gal. of solution. Mark the 
10-gal. point by scratching the con- 
tainer or using a non-soluble paint (to 
prevent the Xylene from removing the 
mark). 

2. Place 17 lb. of commercially pure 
DDT in the container and add 6 gal. 
of Xylene. Stir until all the DDT is 
dissolved. This may require 30 min- 
utes or more. Then add 814 quarts of 
Triton (or any other good emulsifying 
agent), and stir well for 10 or 15 
minutes. Add enough Xylene to this 
mixture to bring the total amount of 
solution up to the 10-gal. mark on the 
container. This solution will then con- 
tain 20 per cent DDT, 20 per cent 
Triton and 60 per cent Xylene. As the 
Xylene evaporates rapidly, this ma- 
terial should not be left uncovered for 
long periods of time, and should be 
stored in tightly closed containers. 
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3. Dilute this 20 per cent DDT stock 
solution to 5 per cent by adding three 
parts of water to one part of stock solu- 
tion. The resultant product will be 
milky in appearance. 

4. Compute the amount of DDT (by 
weight) required to treat the actual 
sewage flowing through the plant. It 
is suggested that for practical work 
this dosage be such that one part of 
DDT is applied to one million parts 
of sewage. For example, on the experi- 
ments described in this work, 19 gal. 
of 5 per cent emulsion would have been 
needed to treat the sewage flow of 
946,000 g.p.d. at a rate of one part per 
million. (Hditor’s Note—See editorial 
on page 330 of this issue.) 

5. It is further suggested that the 
5 per cent emulsion be taken to the in- 
fluent headbox (dosing tank) of a filter 
and poured in. As soon as the milky 
emulsion begins to appear in the nozzle 
outlet, slowly begin to eut off the sew- 
age flow so that by the time all of the 
emulsion has drained from the pipes 
no untreated sewage will flow over the 
bed. It is recommended that the DDT 
emulsion be allowed to trickle through 
the filter for one hour before any un- 
treated sewage is turned back onto the 


bed. 
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CONTROL OF TRICKLING FILTER FLIES WITH DDT 


By JoHn A. CAROLLO 


Headman, Ferguson § Carollo, Engineers, Phoenix, Ariz. 


The sewage works operator has 
known for many years that man-made 
‘‘improvements’’ often create new prob- 
lems sometimes more difficult to solve 
than those responsible for the improve- 
ments. One of these unsolved prob- 
lems has been the ‘‘filter fly’’ that has 
shown its appreciation of man’s works 
by multiplying in tremendous numbers 
around sewage treatment plants and, 
more especially, .in that ideal habitat, 
the trickling filter. Many control 
methods for this unwelcome guest have 
been tried in the past thirty years. 
None has proven more than partially 
suecessful. The most practical method, 
where feasible, has been flooding of the 
filter, but at the cost of temporarily 
lowered filter efficiency. 

The success of DDT [2,2-bis (p- 
chloropheny]) 1,1,1-trichloroethane] for 
the control of lice, house flies and mos- 
quitoes by the armed forces following 
the experimental: work by the Depart- 
ment of Agriculture, Bureau of Ento- 
mology and Plant Quarantine at Or- 
lando, Florida, naturally led to at- 
tempts to apply this substance in the 
control of the ‘‘filter fly’’ at sewage 
treatment plants. 

There are many flies that breed and 
live in and around sewage filters in 
relatively large numbers but those that 
have come to be called ‘‘filter flies’’ be- 
long to the Order Diptera; Family 
Psychodidae (Moth-Flies). The family 
includes at least six genera, Phleboto- 
mus, Sycorax, Maruina, Pericoma, Tel- 
matoscopus and Psychoda. , The last 
three named are the ones of interest to 
a sewage works operator and, of these, 
the last two are the most common. Del 
Rosario lists 24 American species as 
belonging to the genus Psychoda, and 
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48 synonyms that have been given to 
these species in the literature. 
There is considerable confusion 
generic and specific names for the Psy- 
chodidae because entomologists have 
not devoted much study to the family 
until comparatively recently. The only 
reason for pointing out the large num- 
ber of species is that they vary in their 
resistance to DDT and when work on 
this family is reported, the species, or 
at least the genus, should be mentioned. 
O. A. Johannsen’s keys deal with 
larvae of American species and A. L. 
Tonnoir’s 1940 publication is limited 
to British species of the Psychodidae 
family so that F. del Rosario’s work as 
published in the 1936 Philippine Jour- 
nal of Science remains the most useful 
available on the American 


in 


paper 
species. 

The two most common ‘“‘filter flies’ 
are P. alternata Say and P. albipunc- 
tata Williston (Telmatoscopus albi- 
punctatus Edwards). P. alternata is 
lighter in color, smaller, less hairy and 
the wings more ‘‘roof-shaped”’ than P. 
albipunctatus. They exist coneur- 
rently in filters, but usually, one or the 
other continues to be much more nu- 
merous in any particular filter for long 
periods of time. P. albipunctatus 
thrived from April to October, 1945, 
at the Intrenchment Creek sewage 
treatment plant, Atlanta, Georgia, and 
P. alternata inhabited the filters in 
enormous number during the same pe- 
riod at the South River sewage treat- 
ment plant, Atlanta, Georgia. 


b] 


Laboratory Work 
Rearing Psychoda Flies 


Both 
Fourth 


in the 
Medieal 


species were grown 
Service Command 
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Laboratory, Fort McPherson, Georgia. 
The first attempts to rear Psychodidae 
in the laboratory failed. When larvae 
were taken from the filter and placed 
in petri dishes in distilled water, tap 
water, tap water plus yeast, tap water 
plus dog food, tap water plus serapings 
from filter rock or filter influent, prac- 
tically all the larvae died within sev- 
eral days. The larvae placed in filter 
influent, however, died much sooner 
than in the other media. Placing small 
stones from a trickling filter and only 
a small amount of water in the dishes 
The most suecess- 
however, was 


was more successful. 
ful method discovered, 
placing the larvae in animal jars con- 
taining about %., in. of filter stone 
washings in which clumps of muslin 
cloth were partially submerged. Water 


TABLE 1.- 
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of placing a 10 x 10 in. glass plate, 
coated on both sides with DDT at any 
desired dosage, in a large cage contain- 
ing Psychoda flies. The flies were ob- 
served through cleared X-ray film that 
formed two sides of the cage. This 
method was not satisfactory because 
flies sometimes would not contact the 
coated glass plate immediately. The 
second method was to place the flies in 
a dismountable glass box, 10 in. on a 
side. Each interior side of the box was 
coated with DDT. ‘‘ Knockdown time”’ 
was the time in minutes from the inser- 
tion of a Psychoda until it fell and was 
unable to co-ordinate sufficiently to fly. 
Death always followed a ‘‘knockdown’”’ 
though movements continued for some- 
time thereafter. The results of these 
trials are shown in Table 1. 


-Per Cent Knockdown of DDT on Adult Psychodidae Flies 
(Rate of —— of DDT = 


1/5 Ib. per acre) 








Time of Exposure in Minutes 





Sar ee 
| 11 | 12 | 13 | 14 





16 | 23 | 24 | 28 | 20 | 30 31 | 35 | 30 | Eee 


| | 


| 
75 | 85 | 90 














| | 
2 SS | 

Aedes aegypti (1 hour*) ..| 10 | 30 | 100 = | || Pte 4 
P. albipunctatus (1 hour*)| | | | 20 | 40 70 | 100 
P. alternata (1 hour*). veel | 20 | 50} 70 | 100} | | | s| 
P. alternata (4 hours*)...| 10 | 30} 60 | 100! 
P. alternata (24 hours*).. | | 

|_| 


P. alternata (48 hours*).. | | | 
| ! 


| 10 | 40 | 60 


80 | | 90 | 4 





20 | 30 | 50 | 90 | 100 


|| 





* Time since contact surface was treated. 


lost by evaporation was replaced with 
tap water and small amounts of yeast 
and ground dog food were added from 
time to time. The larvae pupated in 
the muslin. <A few filter stones pro- 
truding well above the liquid surface 
formed sites for adult resting and 
breeding areas. The jars were covered 
with gauze to prevent the escape of 
adults. In this way we reared a num- 
ber of generations of both P. alternata 
and P. albipunctatus. 


Laboratory Tests 

DDT was tried against both reared 
and captured adults in the laboratory. 
Tests for adult kill were performed in 
two ways. The first method consisted 


It is evident that the adult P. albi- 
punctatus is much more resistant to 
DDT than P. alternata and that a DDT 
coated surface gradually loses its abil- 
ity to kill these flies. 

Tests for larval kill were performed 
by placing the larvae in petri dishes 
containing muslin clumps and a known 
concentration of DDT in filter stone 
washings. Controls containing no DDT 
but Triton and Xylene and controls 
free from all three substances were run 
concurrently. Twenty larvae were 
placed in each of five petri dishes for 
each test plus the two control dishes. 
Table 2 presents the average results of 
these tests. 
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TABLE 2.—Effect of DDT on 
Psychodidae Larvae 








P.P.M. in Tap Water of | Per Cent 


. Kill 
Species 48 


DDT | Triton | Xylene Hours 











albipunctatus..| 0.0 | 50.0 150.0 | 0 
almipunctatus..| 0.0 | 0.0 0.0 | 0 








P. alternata..... 0.1 | 0.1 0.3 40 
P. alternata..... 1.0 1.0 3.0} 100 
P. alternata..... 5.0 5.0 | 15.0} 100 
P. alternata..... 10.0 | 10.0 | 30.0} 100 
P. alternata..... 20.0 | 20.0 | 60.0; 100 
P. alternata..... 50.0 | 50.0 | 150.0; 100 
P. aiternata..... 0.0 | 50.0 | 150.0 | 10 
P. alternata..... 0.0 | 0.0 0.0 | 0 
P. albipunctatus..| 0.1 0.1 0.3 | 0 
P. albipunctatus..| 1.0 1.0 3.0 30 
P. albipunctatus..| 5.0 | 5.0 | 15.0} 100 
P. albtpunctatus..| 10.0 | 10.0 | 30.0; 100 
P. albipunctatus..| 20.0 | 20.0 | 60.0 | 100 
P. albipunctatus..| 50.0 | 50.0 | 150.0; 100 
P: 

PF 








From the above table it is evident that 
DDT will kill the larvae of both P. 
alternata and P. albipunctatus. The 
latter, as was noted in the adult stage, 
is more resistant to DDT. 


Field Tests 
Spraying DDT on Surface of Filter 


The control of psychodid flies was 
attempted at the South River sewage 
treatment plant, Atlanta, Georgia, by 
spraying 5 per cent DDT in kerosene 
on the walls and the surrounding grass 
of four 175-ft. rotary type trickling 
filters. The DDT was applied at the 
rate of 30 lb. per acre. Many adult 
flies were killed but the flies continued 
to emerge and breed in enormous num- 
bers in the filters. 

The surface of the filters in addition 
to the walls and surrounding grass 
were then sprayed at the rate of 30 lb. 
of DDT per acre and the filters rested 
for 2 hours. Many flies and larvae 
were killed but myriads of flies con- 
tinued to leave the filter. Flooding, 
four days after the DDT application, 
brought wheelbarrow loads of live 
larvae and pupae to the surface. This 
procedure has been repeated several 
times. The kerosene solution evidently 
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did not penetrate beneath the surface 
layer of rock and then was washed 
through the filter too quickly to pro- 
duce lasting results. 


Emulsifying DDT in Filter Influent 


The city of Atlanta constructed a 
30-in. diameter 6-ft. deep filter next to 
one of the large fixed spray trickling 
filter units at its Intrenchment Creek 
plant. Sewage from one of the fixed 
nozzles was piped to a small rotary dis- 
tributor mounted over the model filter. 
Stones from the plant filter were used 
in the experimental filter and it soon 
ripened. P. albipunctatus larvae be- 
came abundant in about 10 days. 

DDT, as a Triton-Xylene emulsion, 
was applied to this filter for 24 hours 
at the rate of 1.0 p.p.m. based upon the 
24-hr. flow. But because of mechanical 
limitations the DDT was actually ap- 
plied for about 30 seconds at the begin- 
ning of each filter dosing cycle. The 
average strength per application was 
probably in the neighborhood of 30 
p.p.m. The filter therefore received a 
shot of DDT for 30 seconds at the be- 
ginning of each dosing cycle through- 
out the 24-hr. period. 

The results were remarkable. The 
filter, which at the beginning of treat- 
ment contained millions of psychodid 
larvae, contained only 50 larvae at the 
end of the treatment. Four days later 
no large larvae were found but some 
immature stages began to appear. This 
appearance of young larvae three to 
four days after treatment, was noted 
upon the second trial of this method. 
Psyechodid larvae again became abun- 
dant within 15 days after the treat- 
ment. 

The third treatment consisted of two 
24-hr. applications at 1.0 p.p.m. of 
DDT with a 38-day interval between 
applications. All larvae were killed 
and did not again appear for five days. 
If it is remembered that within five feet 
of the experimental filter psychodid 
flies were breeding prolifically in the 








: 
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standard filters and that the adults had 
free access to the experimental filter, 
the re-infestation of the experimental 
filter in a relatively short time is easily 
understood. 

Algae on the surface of the filter rock 
faded somewhat for a day or two after 
each application of the DDT-Triton- 
Xylene emulsion but soon recovered. 
Snails became more abundant after 
each treatment. Sewage filter bacteria 
are not killed by DDT in concentra- 
tions up to 100 p.p.m. Triton at 1,000 
p.p.m. kills these bacteria when grown 
on Tryptose-phosphate agar and they 
are somewhat inhibited at 100 p.p.m. 
of Triton. 


Conclusions 

1. DDT applied at the rate of ¥% Ib. 
per acre under laboratory conditions 
will kill adult psychodid flies. 

2. DDT applied at the rate of 1.0 to 
5.0 p.p.m. will kill filter fly larvae. 

3. DDT applied at the rate of 30 lb. 
per acre over the surface of trickling 
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filter will not materially reduce the 
psychodid larvae population. 

4. DDT applied as a Triton-Xylene 
emulsion to the influent of a trickling 
filter will control psychodid larvae and 
therefore the adults. The amount that 
was successful was 1.0 p.p.m. based on 
the total 24-hr. flow but was actually 
applied at a greater concentration at 
the beginning of each dosing cycle. 
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SLUDGE DISPOSAL PRACTICES AT DETROIT * 


By CLARENCE W. HuBBELL 


Hubbell, Roth and Clark, Inc., Consulting Engineers, Detroit, Michigan 


Sludge disposal is the enigma of 
sewage treatment. 

Every engineer interested in health 
and sanitation problems knows that 
sewage can be collected and treated to 
any extent needed to meet modern re- 
quirements for health, recreation, and 
safe living. No two eases are alike, and 
in each ease the degree and type of 
treatment given are determined by the 
local conditions to be met, sometimes 
modified by the ability of the benefitted 
parties to pay the cost. 

The liquid effluent from a treatment 
plant must of necessity be discharged 
into a waterway or lake, or into the 
ocean itself. By trial and error, we 
have come to know that our rivers are 
limited in their capacity to assimilate 
sewage pollution. The plight of the 
city of Chester, Pa., located on the 
Delaware River, is a good example (1). 
Los Angeles, where raw sewage is 
pumped directly into the ocean, is seri- 
ously considering remedial measures to 
insure the continued purity of its at- 
tractive beaches. 

The disposal of sewage sludges, 
which sometimes include garbage, pre- 
sents, if anything, a more difficult 
problem than that of the liquid effluent. 
We have long outgrown the ancient 
customs of using human wastes for di- 
rect fertilization of crops, as still prac- 
ticed in parts of China. To- come 
nearer home, some of our own cities 
still maintain noisome dumps which 
everybody avoids if possible; some 
have gone into the business of manu- 
facturing fertilizers; and some, like 
Detroit, believe in purification by fire, 
and burn their sludge. In short, the 

* Presented at Twelfth Annual Meeting, 


Canadian Institute on Sewage and Sanitation, 
Windsor, Ont., November 5, 1945. 
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question of what to do with residual 
sludges is about the most serious prob- 
lem connected with the whole field of 
sewage treatment. 

Instead of attempting to give a pre- 
tentious resume of the various methods 
practiced by many cities, it is the pur- 
pose of this paper to concentrate on 
what Detroit has done with its particu- 
lar sludge disposal problem. 

Detroit was made conscious of her 
problem something over thirty years 
ago, when the United States and Great 
Britain entered into a treaty agreement 
that neither should pollute boundary 
waters to the detriment of the other. 
This led to an intensive study of the 
pollution of the Detroit River which 
brought home to the city the fact that 
she was not only the greatest offender 
but also the greatest sufferer from the 
huge volume of pollution discharged 
directly into the river from her homes 
and factories. Detroit at that time was 
just beginning to suffer from growing 
pains of expansion which, in the next 
few years, made it necessary to spend 
over $40,000,000 for sewers alone to 
prevent flooding of basements. 

World War I intervened and was fol- 
lowed by postwar prosperity which 
added further to the problems of a rap- 
idly growing city. In 1925, the plans 
recommended by the consulting engi- 
neers employed by the city involved 
the construction of a plant located 
downriver beyond the city limits. 
There were serious objections to this 
location, which resulted in legislation 
prohibiting the construction of such a 
plant by any municipality outside its 
own boundaries except/ with the con- 
sent of the municipality encroached 
upon. The plans had to be revised, but 
then the depression of the early 30’s 
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interfered with the financing and ac- 
ecomplishment of the project. Finally, 
in 1939, after more than thirty years of 
effort, Detroit succeeded in completing 
and putting into service an up-to-date 
sewage treatment plant suitable for its 
needs. 

This plant, now in operation for the 
past five years, is one of the world’s 
largest, both as to population served 
and the amount of sewage treated (2). 

To summarize briefly the description 
of this plant which has appeared in the 
form of articles by the writer and oth- 
ers (3), the design is for an ultimate 
population of 4,000,000, and an esti- 
mated average flow of 175 gal. per 
eapita per day. The _ interceptors 
bringing sewage to the plant have a 
capacity of 1,292 m.g.d. which is equiv- 
alent to a maximum flow of 324 gal. 
per capita per day. The treatment 
consists essentially of plain sedimenta- 
tion, sludge incineration, and chlorina- 
tion of the effluent. This degree of 
treatment was recommended by the 
consulting engineers and approved by 
the Michigan State Board of Health 
as adequate to meet the present situ- 
ation, both as to loeal need and treaty 
obligations. The units installed to ac- 
complish sedimentation and incinera- 
tion are of sufficient capacity to treat 
the sewage from a population of 2,400,- 
000, which capacity it was assumed 
would be reached by 1950, when addi- 
tional units could be added. The pres- 
ent population served (1945) is esti- 


TABLE 1.—Incineration Data. Years Ended June 30 
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mated at approximately 2,200,000. 
For the year ended June 30, 1945, the 
average flow of sewage entering the 
plant was 315 m.g.d. with a maximum 
day of 472 m.g. 

The plant also includes one experi- 
mental digestion tank and one elutri- 
ation tank with a design capacity for a 
population of 500,000, or one-eighth of 
the ultimate plant capacity. 

The usefulness of elutriation under 
existing conditions has been seriously 
questioned. A careful 3-month test 
ending September 8, 1944, resulted in 
an actual increase in operating costs 
without any reduction in the chemicals 
required ; and so far as could be deter- 
mined, no corresponding benefit. The 
use of the unit as an elutriation tank 
has been discontinued. The tank is 
advantageously used, however, for mix- 
ing raw and digested sludge prior to 
filtration of sludge. The digestion unit 
has proved very satisfactory, not for 
complete digestion of sludge but for 
the production of gas, for which pur- 
pose it is fed sludge at the rate of thirty 
tons of volatile solids per day from 
which it produces 20,000 eu. ft. of gas 
per hr., having a heat value of 650 
B.T.U. per eu. ft. The partially di- 
gested sludge from this unit, mixed 
with the raw sludge from the sedimen- 
tation tanks together with the grit and 
scum, forms a satisfactory filter cake 
which burns well in the incinerators. 

Table 1 shows the annual amount of 
sludge fed to the incinerators and the 






































Wet Solids | | 
Weng Tons, Per Cent Per Cent Tons Ash (% of 
| l Dry Solids Volatile Ash Ash wet solids) 
Tons | % Moist. | 
41 | — | — 55,071 53.3 46.7 25,703 
1942 | 164,787 | 67.9 52,927 55.4 44.6 23,600 14.3 
1943 | 164,414 68.9 51,169 54.7 45.3 23,169 14.1 
1944 202,840 68.8 63,388 58.6 41.4 26,261 12.9 
1945 | 167,488 66.3 56,431 58.5 41.5 23,400 13.9 
Total | | — 278,986 — — 122,133 — 
Average | — | — 55,797 55.1 43.9 24,427 13.8 
I 
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resulting ash for the period of the five 
years during which the plant has been 
in operation. 

The dry ash produced is normally 
about 14 per cent of the total wet 
sludge cake sent to the multiple hearth 
incinerators. The ash is sluiced into 
a lagoon. There are two of these la- 
goons, which are used alternately. 
Each lagoon has sufficient capacity to 
hold approximately one year’s produc- 
tion of ash. As soon as one lagoon is 
full, it is permitted to dry for a time, 
and a contract is then let for removing 
the ash to the nearest available dump. 
Steam shovels and trucks are used for 
this purpose. Four such contracts 
have been let since the plant was placed 
in operation, and one lagoon is now 
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ready for letting the fifth contract 
which will cost about $40,000. The 
total expenditure of $184,000 in five 
years to dispose of a total of 122,133 
tons of ash averages $1.51 per dry ton. 

Eventually, dumping grounds for for 
2,000 tons a month may become diffi- 
eult to find within reasonable hauling 
distance and some other method of dis- 
posal may be necessary. If necessary, 
ash can be disposed of by barge, in 
Lake Erie, without injury to health 
and at a cost somewhat less than is 
involved by the present method. This, 
however, is not looked upon with favor 
and will be avoided if possible. 

The most hopeful development, look- 
ing to the future disposal of ash, is in 
the use of this material for manufac- 


TABLE 2.—Summary of Operation Data, Detroit Sewage Treatment Plant, for 
Year Ended June 30, 1944 


Year 
Operation Item 1943-44 
Sewage pumped, total for year 
C4 ae 119,751 
ca) OO 2} 327 
Rainfall, total for year (in.)...... 29.37 


Electric power, total used 
(LU oe. cS 
Purchased (100 kw. hr.). 
Generated (100 kw. hr.)........ 
Used for pumping sewage 
Cl Up 2 cS 137,797 
Kw. hr. per m.g. pumped... 115 


182,593 
169,800 
12,793 


Auxiliary power (100 kw. hr.). 44,796 
Screenings removed (tons wet) 1,289 
lS 1) 79.9 
Volatile (% of dry solids)... .. 78.5 
Grit removed (tons wet)..... 14,428 
ICTS (4 0 49.4 
Volatile (% of dry solids)...... 38.3 
Skimmings iamoved (tons wet).... 594 
Moisture (%)............ 34.9 
Volatile (% of dry solids)...... 90.1 
Primary sedimentation detention 
coe orl (0) Se 1.51 
Suspended solids removed 
Cy 1 93,797 
VOU) (7) a 78.8 
Sludge to digesters (1,000 gal.) 31,845 
Dry solids (tons). . 12,229 


Solids (%)....... DR ob 9.1 


SoS 5 65.8 
Digested sludge withdrawn 
(1,000 gal.). . 31,510 
Dry solids....... re 9,100 
LSU) 4 ae ne 6.8 
CLS SS (0) 54.3 


Year 
Operation Item 1943-44 
Digester gas production 
CEC CS i: 115,149 
Cu. ft. per lb. volatile added... 1.2 
Sludge to vacuum filters 
(1,000 gal.)... 141,006 
Solids (%)....... 8.7 
[COP EY C4 a re 64.1 
Conditioning chemicals: 
LO, Re ae ee ‘4 7.6 
EOE os sis io Snle ia Slesa Ssee's 2:2 
Filter rate (lbs. per sq. ft. per hr.) 6.1 
Sludge cake solids (%)......... 30.3 
ot US Gv a 59.7 
Incinerator feed (tons wet cake)... 202,840 


Diy SONGS ThONK) ..... ...:.06sc.0s0% 63,388 
Volatile solids (tons).......... 1,127 
Feed rate (wet tons per hr. per 

ULL SNA he Pane En rete a 8.9 


Fuel oil per wet ton burned (gal.) 0.19 
Chlorination (tons applied). . 3,914 
Chlorine demand (p.p.m.). . 7.35 
Dosage (9.p.m:)........ 7.85 
Demand satisfied (%)......... 106.8 
Analytical data: 
Suspended solids, influent 
(5 a 222 
Effluent (Opin)... ...- ee 113 
RBMOVAL (T)) oo-6s0 coe cc esses 49.3 
5-Day B.O.D., influent a 116 
Effluent (p.p.m.). : 71 
MBIBOVAL (5) os -ciis csc ccasc 38.8 
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turing purposes. It contains some 17 
per cent calcium, together with alumi- 
num and other chemicals which are of 
value in manufacturing. One experi- 
ment along this line has been made in 
connection with a nearby cement plant, 
which resulted in the production of a 
trial output of 1,500 barrels of cement. 
In this particular experiment, the ash 
contained too much organic matter due 
to the fact that the grit from grit 
chambers had been by-passed without 
incineration. This defect could be 
remedied easily; and the outlook is 
favorable for the profitable disposal 
of ash in the future. 

An operation summary of the sewage 
treatment plant, as compiled for the 
year 1943-44, is given in Table 2. 

For the same fiscal year ended June 
30, 1944, the operating expense, exclu- 
sive of depreciation, totalled $1,082.- 
220.14, as shown in detail in Table 3. 

At Detroit, incineration of sludge 
has been satisfactory. The sludge has 
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TABLE 3.—Cost Data, Detroit Sewage 
Treatment Plant, Year Ended 
June 30, 1944 


General plants... 5.2254. $ 114,638.14 


PUMIpNGIStAtION......6....06..0% 143,657.75 
[OYE SES Tt) | re ar 34,753.50 
SEcuMentanon. ...... soe cen: 44,265.12 
Chlorination........ eee 170,334.49 
Digestion and elutriation (net).. 6,530.26 
Filtration and chemical........ 150,517.94 
Incineration and ash handling. . 282,870.46 
WG MOEOUERG Ss oo-02s ose ssc os es 39,627.48 
Interceptors and regulators..... 2,360.66 
Unaboeated 2... os se eee ee 57,362.31 
General administration. ....... 35,302.03 





$1,082,220.14 


has been reduced from a troublesome, 
noisome material to an innocuous ash; 
it has been reduced in volume by about 
86 per cent. For a plant the size of 
Detroit’s, however, the disposal of the 
ash, primarily due to the amount, is 
still a major operation, though minor 
in comparison to the problem that 
would be involved if it were necessary 


practically burned itself, requiring to dispose of the sludge without 
only 0.19 gallons of oil per wet ton; it incineration. 
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DISCUSSION 


me iu. ¥. 


GARRITY 


Assistant Gencral Superintendent, Department of Water Supply, Detroit, Michigan 


Mr. Hubbell made brief reference to 
the use of sewage sludge as a fertilizer, 
to the fact that we have questioned the 
usefulness of the elutriation process 
under Detroit conditions and to our 
researches, in the use of the incinerator 
ash as a raw material for the manufac- 
ture of portland cement. It is believed 
that these subjects may be of sufficient 
interest to warrant development to the 
limits of this discussion. 


Sludge Disposal as Fertilizer 


We are faced with the ever recurring 
question; from members of the profes- 
sion and from the laity, of why the 
sewage sludge cannot be disposed of as 
fertilizer. In our answers to these 
questions, we attempt to point out that 
there are several important require- 
ments that sewage sludge must meet to 
be considered as suitable material for 
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fertilizer. To be applicable as ferti- 
lizer, the sludge should contain certain 
components, in suitable proportions 
and essential to plant growth, it must 
be free from constituents detrimental 
to consumer’s health and to plant 
growth, and it should have a texture 
that lends itself readily to blending 
with the soil. Of the many elements 
drawn from the soil for plant growth, 
some are replaced by the processes of 
nature. The elements of nitrogen, 
phosphorus and potassium, however, 
essential to all plant growth, are drawn 
upon so heavily that they must be re- 
placed through fertilization if the land 
is continually worked. These three ele- 
ments must be present, in proper pro- 
portions, in any material before it 
should be considered as a fertilizer or 
fertilizer filler, on a competitive 
market. 

The desirable amounts and propor- 
tions of the three essential elements 
may be arrived at by comparison of 
the analysis of the sludge with that of 
successful commercial fertilizers used 
on the soils in the areas which will pro- 
vide the probable markets. Much ean 
be determined, also, from actual field 
tests. 

A typical analysis of the filter cake 
produced at the Detroit plant follows: 


Per cent 

Constituent by wt. 
AIA POTION go os 5 os sse sae sess . 1.66 
Available phosphoric acid ...... ss, Saw 
Water soluble potash ............... 0.11 
itisplable material .............666% 16.80 
CTS a 12.00 
Grease content (ether soluble) ....... 18.00 
Oxides of iron and alumina ......... 11.00 


In comparison, one activated sludge 
fertilizer produced on a commercial 
seale contains, from the latest analysis 
available to the writer, between 6 and 
7 per cent ammonia (NH,) and about 
2.5 per cent of available phosphates 
(P,0,;) with a moisture content of less 
than 7 per cent. The ether soluble 
matter (grease) in this product will 
run in the neighborhood of 6 per cent 
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as compared with 18 per cent in the 
Detroit sludge cake. The sludge cake 
from the filters at our plant is quite 
fibrous and has a relatively high sand 
content, which characteristics detract 
further from its potential fertilizer 
value. 

It is difficult to establish, generally, 
the amount and proportions of the de- 
sirable components fertilizers should 
contain because of the wide differences 
in the requirements of the various 
crops and because the nature of soil 
varies so widely. The most conclusive 
test of the fertilizing value of a given 
material for any crop is perhaps af- 
forded by experimental cultures on 
various types of typical soils in the 
potential area in which the fertilizer 
may be economically marketed. Small 
seale cultural experiments at the plant 
site, in sandy soil, have indicated that 
there may be a slight increase in the 
yield of corn when the ground is ferti- 
lized or conditioned with filter cake. 
The results obtained thus far, however, 
are not conclusive, and there are some 
indications that the use of the cake 
tends to make the ground impervious. 

From the foregoing considerations it 
is concluded that the raw sludge cake 
produced at the Detroit plant fails to 
meet the essential chemical and physi- 
cal requirements of a desirable ferti- 
lizer or filler, and because of the pres- 
ent state of knowledge (or lack of 
knowledge) of the viability of some of 
the sewage borne organisms, we would 
not recommend its use for that pur- 
pose, particularly for root crops. 

Perhaps in the future it may be 
necessary to refine the present proc- 
esses by the addition of secondary 
treatment, and if that occurs it is pos- 
sible that we may produce a sludge 
which may be economically utilized as 
a safe fertilizer or fertilizer filler. In 
the meantime, as Mr. Hubbell pointed 
out in his paper, we are confronted 
with the problem of the disposal of al- 
most 200,000 tons of unstable wet solids 
each year. From experience to date 
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at the Detroit plant, it has been con- 
eluded that the safest and most eco- 
nomical operation will obtain if the 
sludge from the sedimentation tanks is 
filtered and then incinerated, without 
intermediate digestion to any degree. 


Digestion and Elutriation 


As Mr. Hubbell stated, the present 
plant ineludes one digester with two 
elutriation tanks designed to serve one- 
eighth of the ultimate planned ¢a- 
pacity. The digester has been oper- 
ated continuously since 1941, and the 
sludge therefrom mixed, without elutri- 
ation, with the raw sludge from the 
sedimentation tanks and the mixture 
has been vacuum filtered, after condi- 
tioning with both ferrie chloride and 
lime, and then incinerated. The gas 
produced has been used to operate a 
240 kw. gas engine-generator and as 
fuel to fire the plant heating boilers. 

Elutriation of the digested sludge 
was abandoned, after a test of three 
months in duration demonstrated that 
the process increased rather than de- 
creased our operating costs. The di- 
vested sludge, during the period of the 
test, averaged 7.32 per cent solids and 
49.8 per cent volatile. <A total of 5,- 
691,400 gal. of sludge, containing 1,890 
tons of dry solids, was removed from 
the digesters and elutriated during the 
test run. Of this total 1,690 tons were 
filtered, indicating a solids loss in 
the elutriation wash water of 200 tons, 
or 10.6 per cent. As these solids are 
principally soluble and collodial mate- 
rial it would be expected that the filtra- 
tion process should benefit by the re- 
moval. This was not the case. 

During the test run the digested 
sludge was elutriated by operating the 
two tanks in series with two volumes 
of wash water used to one volume. of 
sludge. The sludge was washed twice, 
using the spent wash water from one 
tank for the initial wash, after which 
the sludge was transferred to the sec- 
ond tank and again washed with two 
volumes of fresh city water. 
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The filter cake produced over the en- 
tire test period was much darker in 
eolor and thinner than that normally 
produced. It was spongy and would 
not strip and discharge well from the 
filters and the filter production rates, 
therefore, were only 45 per cent of 
those obtained in normal practice. The 
chemical and water costs increased the 
average cost of conditioning almost 50 
per cent. No attempt has been made 
to evaluate further additional costs in- 
volved in the elutriation operation. It 
was found necessary, however, to have 
additional personnel in attendance at 
the elutriation tanks while the system 
was operated. Filter cloth life was ma- 
terially lowered when in the elutriated 
sludge service and when ferric chloride 
alone was used for conditioning. 

Our experience indicates that, for 
Detroit conditions, it is safer and more 
economical to reduce the raw sludge to 
a stable ash by incineration and, there- 
fore, our present plans do not contem- 
plate the addition of more digesters, 
but rather improvements in incinerator 
performance, reclamation of heat, and 
utilization of the incinerator ash. 


Proposed Improvements to 
Incineration Facilities 


The filter cake normally produced at 
the Detroit plant has a moisture con- 
tent just under 70 per cent, and about 
60 per cent of the solid content is com- 
bustible. The combustible portion has 
the relatively high heat value of about 
11,500 B.T.U. per Ib. 

We have incinerated as much as 500 
tons of this cake in 24 hours. With 
that load there is a total heat release 


jn 24 hours of approximately 2,070,- 


000,000 B.T.U., or the equivalent of 
that obtained from burning about 80 
tons of coal per day, of the quality we 
are now receiving at our various plants. 
This sludge cake normally sustains 
combustion without auxiliary fuel and 
the 0.19 gal. of fuel oil per wet ton, 
cited in Mr. Hubbell’s paper, is con- 
sumed mostly in the warming periods 
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of no production, when units are taken 
out or placed into service, and when 
the fires get out of control. 

When the incinerators are fed at the 
rate of 500 tons per day there are nor- 
mally about 700,000 pounds of water to 
be evaporated daily from the wet feed. 
In this and with the heat absorbed by 
the water of combustion and in super- 
heating all of the steam to the gas out- 
let temperatures, approximately 58 per 
eent of the total heat release is re- 
quired. Another 19 per cent is lost 
through absorption by the dry gases, 
radiation, and in the ash, leaving a po- 
tential waste heat recovery of about 23 
per cent of the total. 

We have in preparation plans for 
the further improvement of the pres- 
ent incinerators, as well as plans for a 
different type of incinerator with waste 
heat recovery equipment. It is pro- 
posed to drive turbo-generator equip- 
ment with steam produced from the 
recovered heat. The plans contemplate 
that the installation may be made when 
the wet solids load reaches a rate of 720 
tons per day. At that time, it is con- 
servatively estimated that about 1,000 
kw. ean be produced from the waste 
heat and, with the 240 kw. production 
of the presently installed sewage gas 
engine-generator set, the total generat- 
ing capacity will lie between 1,200 and 
1,300 kw. It is estimated that with a 
favorable power exchange arrangement 
with the municipally owned Public 
Lighting Commission, it will then be 
possible to produce 75 per cent of the 
electrical energy requirements at the 
sewage plant. 


Ash Disposal 


The ash from the incinerators is 
stable and presently is in demand for 
fill material. A typical analysis of the 


dry ash follows: ape 
by wt. 
Volatile and combined H,O .......... 8.0 
Ol CL OL SSeS eae 50.0 
Iron and alumina (R,O,) ............ 23.0 
Gatemm Wrage (CaO) .............5.- 15.0 
Magnesium Oxide (MgO) ........... 2.0 
2.0 


Phosphates (P,O,) 
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As Mr. Hubbell pointed out, it may 
eventually be difficult to find dump 
sites for the large quantities produced. 
For this reason, and in our constant 
search for means of reducing operating 
expenses, we have explored several pos- 
sibilities of ash utilization. 

The most encouraging possibility to 
date is the use of the ash as a raw mate- 
rial in the manufacture of portland 
cement. In 1940, a large scale experi- 
ment was conducted in one of the large 
cement mills in Detroit, in which 660,- 
000 Ib. of incinerator ash, taken from 
the lagoons, was used as raw material 
for the manufacture of portland ce- 
ment. The ash was mixed with other 
raw materials and the average amount 
used was about 3 per cent of the total. 
A total of 34,500 bbl. of clinker was 
produced from which some 1,500 bbl. 
of cement were ground, meeting all the 
requirements of the standard specifiea- 
tions, and sold to the trade. 

Several things were learned relative 
to the use of the ash for this purpose, 
as a result of this experiment, the most 
important of which were: (1) the ne- 
eessity for holding down the organic 
matter in the ash and (2) the desira- 
bility of maintaining a ratio of silica 
to the iron and alumina content of be- 
tween two and three, and preferably 
around three. 

At the time the experiment was in 
progress, utilizing the plant facilities 
as designed, as much as 50 per cent of 
the grit received at the plant was 
sluiced directly and without incinera- 
tion to the ash lagoon. This procedure 
was necessary because the plant as de- 
signed made no provision for leveling 
off the grit load to the incinerators and 
in time of storms the full amount of 
erit received, if taken to the incinera- 
tors, would have smothered the fires. 

Ordinarily the grit received at the 
plant contains about 30 per cent or- 
ganic matter. This additional organic 
matter in the ash raises the water re- 
quirement when mixed in the slurry 
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and thereby increases the coal con- 
sumption in the cement kiln. This de- 
tracts from its desirability as a raw 
material for cement manufacture. 
Plans were made to correct this con- 
dition by providing a grit storage hop- 
per, from which the grit may be fed by 
screw conveyors at the proper rate to 
the incinerators, where it will be 
burned and free of the undesirable or- 
eanie matter. These plans were inter- 
rupted by the war and the resultant 
lack of necessary material, but we are 
now in a position to proceed with the 
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installation. With the control offered 
through the grit storage bin installa- 
tion it is believed we may also be able 
to maintain the optimum silica to iron- 
alumina ratio. 

In closing, it is to be emphasized that 
this discussion is limited only to the 
operation of the Detroit sewage treat- 
ment and, as everyone concerned with 
sewage treatment knows, our findings 
under Detroit conditions may not be 
indicative of what may be expected in 
the similar treatment of sewage in 
other communities. 


DISCUSSION 


By R. A. GREENE 


Chemist, Sewage Treatment Plant, Jackson, Michigan 


It has been said many times that if 
the solution to the problem of sludge 
disposal could be found, the major 
headache in the whole field of sewage 
treatment would be solved. This is 
probably true in the majority of 
plants, but it is also noted that in some 
plants sludge disposal is a lesser prob- 
lem than in others. This might be due 
to a more advantageous location or to 
better facilities provided at some 
plants. 

Plants that are not bothered particu- 
larly with the sludge disposal problem 
are the few that take the raw sludge 
by barge to sea and dump it. Another 
fortunate group, also relatively small, 
includes the plants having ample la- 
goon eapacity for all of their digested 
sludge. In both the above eases dis- 
posal of the sludge provides little trou- 
ble in so far as plant operation is con- 
cerned and the expense involved is con- 
siderably less than in the greater num- 
ber of plants in which additional han- 
dling of sludge is required before final 
disposal is accomplished. 

The problem is also considerably les- 
sened if there is a place available for 
disposition of the processed sludge. If 


there is a ready sale for the sludge 
either from drying beds or from 
vacuum filters, it will do away with in- 
cineration and disposal of the ash con- 
tent. Use of the sludge for fill pur- 
poses also eliminates the incineration 
problem. 

Plants that have to process (digest, 
vacuum filter, dry on beds) the sludge 
are the ones that have the most diffi- 
culties. It is in these plants, and most 
plants fall in this category, that the 
disposal of the sludge is most likely to 
affect the operation of the plant as a 
whole. Where the raw sludge is 
dumped at sea and where there are la- 
goons to receive the digested sludge, 
there are not strict requirements as to 
the quality of the sludge. But where 
the sludge is vacuum filtered or dried 
on beds, the sludge should have those 
qualities which make it most economi- 
eally processed. Consequently, in most 
plants digestion is the step in the proc- 
essing of sludge for disposal around 
which many of the troubles arise. 

Lack of digester capacity is often 
found, and in such eases a poor drain- 
ing or poor filtering sludge is un- 
avoidable. A poor supernatant or no 
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supernatant at all is produced, which 
more often than not deteriorates the 
quality of the plant effluent. This is 
especially true if the plant includes sec- 
ondary treatment by activated sludge. 
Complete treatment plants that have 
3 cu. ft. or less of digester capacity per 
capita are almost always deficient in 
this element. This has probably been 
caused partly by the inconsistencies in 
computation and expression of digester 
loadings. The statement of digester 
loading in pounds of solids per cubic 
foot of digester capacity per month is 
a term that is often misleading; no one 
would expect to digest the same amount 
of raw solids per unit volume and time 
with a volatile content of 70 per cent 
as with a volatile content of 60 per 
cent. It is suggested that a more accu- 
rate statement of digester capacity 
would be in pounds of volatile solids 
added per cubic foot of digester capac- 
ity per month, and that the best expres- 
sion of digester accomplishment is in 
pounds of volatile solids digested per 
cubic foot per month. The latter would 
be a measure of the actual amount of 
solids destroyed in a given length of 
time per unit of volume. Data in these 
units would provide a much better basis 
of comparison with other plants. 

Experience at Jackson, Michigan, 
over a long period of time has been that 
not much more than 0.5 pounds of vola- 
tile solids can be digested per cubic 
foot of total digester capacity per 
month and still produce a fair super- 
natant: This is when the digesters are 
operated at 85° F. At higher loadings 
the sludge from the digester will not 
concentrate satisfactorily and will not 
dewater well on the drying beds. At 
this loading the concentration of the 
digested sludge is about equal to that 
of the raw sludge pumped into the di- 
gester. It seems that such a concentra- 
tion of the digested sludge should be 
the minimum and in most eases a con- 
centration exceeding that should be 
attained. 
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It has been known for some time that 
very rapid digestion would oceur at 
thermophilic temperatures, but the di- 
gested sludge had always been difficult 
to dewater. Multi-stage digestion with 
only the primary digester being heated 
to thermophilic temperatures produces 
a sludge that can be readily dewatered. 
The second stage and also the third 
stage, if available, need not be heated 
at all. There may be some physical 
change that takes place when raw 
sludge is heated to thermophilic tem- 
peratures and kept there until it is 
completely digested. Even though the 
sludge was concentrated and 
volatile content, the dewatering quali- 
ties were poor. The drop in tempera- 
ture through the and third 
stages restores this quality to a great 
extent. Certainly a well digested ther- 
mophilic sludge will dewater better 
than an incompletely digested mesophi- 
lie sludge. By using multi-stage ther- 
mophilie digestion, about 1.6 times as 
much volatile solids may be digested 
as with mesophilic digestion and still 
produce a good filtering sludge. 

The use of thermophilic digestion as 
an aid to those plants lacking in di- 
gester capacity would be limited. 
Thermophilie digestion requires about 
twice the quantity of heat as does me- 
sophilic digestion at 85° F., so there 
would have to be sufficient eas or waste 
heat available. Thermophilic digestion 
is also more difficult to operate; a quick 
change in temperature of five to ten de- 
grees can completely upset the diges- 
tion process. The above mentioned 
drawbacks would limit its use to me- 
dium sized and large plants. 

Whether the lack of digester capacity 
be remedied by use of thermophilie di- 
gestion or by an increase in digester 
capacity, the production of a sludge 
that dewaters readily would help in 
many plants to overcome the sludge 
disposal problem. 
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INCINERATION OF FINE SCREENINGS AT 
NIAGARA FALLS, N. Y. 


By Epwarp J. SmitH 


Superintendent, Sewage Treatment Plant, Niagara Falls, N.Y. 


The established and formerly satis- 
factory method of operating the screen- 
ines incineration process at Niagara 
Falls was seriously upset by changed 
conditions deriving from wartime in- 
dustrial activities and, consequently, 
it has been necessary to revise operat- 
ine procedures and equipment to meet 
the new requirements. These improve- 
ments were made following a long pe- 
riod of experimentation and have re- 
sulted in a successful solution to the 
problem. 

The Niagara Falls sewage has always 
been largely of industrial origin, there 
being in 1940 about 12 volumes of in- 
dustrial wastes to one of domestic sew- 
age. Wartime activities nearly dou- 
bled the volume of industrial wastes 
and the tributary population has in- 
about one-third 1940. 


creased since 


TABLE 1.—Effect of Wartime Activities on Sewage Flow * 


Ave, Susp. 
Solids in 
Year Plant Influent 


Flows to Plant 


the war period was to create intermit- 
tent odors of obnoxious character dur- 
ing the incineration process. It is be- 
lieved that the change in the quality 
of the sewage, brought about by the in- 
creased flows of industrial origin, was 
mainly responsible for the difficulty. 


Original Method of Screenings 
Incineration 

Sewage treatment at Niagara Falls 
consists of fine screening with dise 
sereens fullowed by chlorination of the 
screened sewage. The screenings are 
disposed of by incineration. 

The original plans included facilities 
for the dehydration of the screenings 
before incineration, but the dehydra- 
tion process was omitted due to failure 
of the contractor to furnish adequate 


equipment. Provision was made, how- 


Percentage Increase Over 1940 


Dry Solids 


(p.p.m.) Total 
Domestic Ind. Domestic Ind. 
Sewage Wastes Sewage Wastes 
1940 245 
1941 295 12.5 29.5 12.5 11.3 11.4 
1942 311 27.2 30.1 27.2 20.8 21.4 
1943 313 39.5 | 62.0 39.5 46.3 45.6 
1944 477 33.3 | 42.0 33.3 102.5 97.5 
1945 369 25.0 64.0 25.0 87.5 81.5 


| | 
| 


* Based on dry weather flow periods of May to September, inclusive, of each year. 


Table 1 presents data illustrating the 
increased volume and suspended mat- 
ter content of the sewage. 
The effect of this overload early in 
* Presented at meeting of Western Section, 
New York State Sewage Works Assn., held at 
East Aurora, N. Y., September, 1945. 





ever, for the installation of the de- 
hydration process at such time as it 
might prove necessary. Until recently, 
therefore, the screenings were incin- 
erated in a wet state as removed from 
the screens and, as would be expected, 
auxiliary fuel was required to effect 
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incineration since there was not suf- 
ficient fuel value in the wet screenings 
to evaporate the 85 per cent moisture 
content. The additional fuel is in the 
form of coal or fuel oil, but coal is used 
whenever possible because it is the most 
economical. 

The burning of wet screenings, with 
incidental evaporation of large amounts 
of moisture, may appear to be unduly 
expensive at first thought. Careful 
analysis, however, of the increased wet 
screenings incineration cost as com- 
pared to the savings in equipment, ma- 
terials, and labor effected by the omis- 
sion of the dehydration equipment in- 
dicated the former procedure to be 
most economical. This analysis was 
based upon fuel and labor price levels 
that existed before the war. 

Another item leading to the original 
adoption of incineration of the screen- 
ines in a wet state was the fact that 
burning temperatures in the incinera- 
tors could be reduced to a minimum 
without danger of odor nuisances as 
a result of such low temperature 
operation. 

It became evident in the summer of 
1942, when numerous complaints of 
obnoxious odors were received, that 
modifications were necessary in the in- 
cineration process. A series of experi- 
ments and tests were begun immedi- 
ately to investigate the cause of the 
odors and to determine a remedy. 

There are two types of odors result- 
ing from incineration in this plant. 
One is the distinct chemical or metallic 
type of odor that is prevalent through- 
out the city as it comes directly from 
the stacks of the industrial plants or 
from their processes of manufacture. 
Trade wastes from these industries are 
removed by the fine screens at the 
sewage treatment plant and, when in- 
cinerated, they produce the same 
odors as are emitted from the indus- 
trial plants themselves. These odors, 
while not pleasant, prevail generally 
through the city and it is not possible 
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to eliminate them at the screenings 
incinerator. 

The second type of odor derives from 
the burning of the organic matter in 
the screenings. This organic matter is 
of both industrial and domestic origin 
but the odors produced in burning it 
are about similar to those resulting 
from the incineration of ordinary do- 
mestie sewage sludge. 


Effect of Increased Temperature 

The incinerator used at Niagara 
Falls is of the vertical multi-hearth 
type with drafts arranged in such a 
manner as to perform the evaporating 
and burning functions but not to sub- 
ject the exhaust gases to the high tem- 
peratures essential to eliminate organic 
odors. 

It was promptly determined by ex- 
periment that organic odors were elimi- 
nated from the stack gases if the ex- 
haust gases were subjected to tempera- 
tures from 1,600 to 1,800° F. following 
the evaporation and burning processes. 
For immediate relief, therefore, the ex- 
haust gas circulation system was re- 
arranged in so far as it could be with- 
out disturbing incineration efficiency, 
and temperatures were increased to the 
above range. 

This method of operation proved to 
be very expensive because of the in- 
creased requirement for auxiliary fuel 
to maintain the high temperatures. 
Both coal and oil were necessary war 
items and, upon occasion, were not 
available at all. There was also an ap- 
preciable advance in the price of both 
fuels. 

In order to reduce fuel requirements 
to a minimum, temperatures sufficient 
to control the organic odors were main- 
tained only when necessary during the 
hours that the odors might be most ob- 
jectionable. The attempt to carry vari- 
able temperatures at the incinerators 
resulted in expansion and contraction 
of the brick hearths and they soon 
showed distinct signs of permanent 
damage. 


‘ 
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The above complications in incinera- 
tor operation and the inability to ob- 
tain positive control of odors at all 
times clearly indicated that more radi- 
cal changes were required. It was then 
decided to install the screenings de- 
hydration facilities and to make radi- 
eal changes in the incinerator so as to 
effect a complete solution to the prob- 
lem. At the same time, it was decided 
to incorporate other improvements in 
regard to the waste heat boiler, feeding 
and storage of sludge and in the con- 
veyance equipment. 


Development of Improvements 

The decision to install dehydration 
equipment was based on the following 
reasons, listed in their order of im- 
portance : 

(1) To make it possible to control 
odors completely, which could not 
otherwise be done unless the incinera- 
tor was entirely rebuilt. 

(2) To effect economy in auxiliary 
fuel requirements. 

(3) To conserve critical war supplies 
of coal and fuel oil. 

(4) To utilize the waste heat boiler 
for heating of the building, without 
the use of auxiliary fuel. 

(5) To make it possible to maintain 
a constant high temperature in the in- 
cinerators, without undue use of auxili- 
ary fuel, in order to eliminate damage 
to the structure from expansion and 
contraction. , 

Considerable time was spent in the 
selection of the dehydration equipment. 
Inspection trips were made to several 
cities throughout the country and the 
merits of the various types of equip- 
ment thus observed were studied with 
the special requirements and limita- 
tions of the Niagara Falls problems in 
mind. The equipment finally selected 
was a sludge press having a capacity 
of 2,600 lb. of dehydrated sludge per 
hour. This same type of unit has been 
in service at Milwaukee for a number 
of years and is said to have given satis- 
factory results. Conditions at Mil- 
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waukee are quite similar to those pre- 
vailing at Niagara Falls. The sim- 
plicity, low maintenance cost and ease 
of operation of the equipment were 
other factors that lead to its selection. 

The other improvements (Figure 1) 
which were planned to be made to ex- 
isting facilities at the same time the 
dehydration equipment was installed, 
were intended to accomplish the 
following: 

(1) The provision of better dis- 
charge facilities at the large wet screen- 
ings storage tanks was expected to 
make possible the use of these tanks to 
advantage. These storage units, each 
having a capacity of 1,400 cu. ft., are 
a part of the original plant but they 
were not usable on account of design 
deficiencies. 

(2) Conversion of the present con- 
veying equipment in such a manner as 
to make it possible to eject pneumati- 
cally the dehydrated screenings to 
either incinerator. 

(3) The provision of better feeding 
facilities from the small dry sludge 
storage tanks to the incinerator. This 
change includes the improved provision 
for discharge of wet screenings from 
these tanks when they might be used 
for storage purposes. There is one of 
these 700-cu. ft. tanks serving each 
incinerator. 

(4) The rebuilding of the incinerator 
so as to omit three evaporating hearths 
and thus reduce maintenance costs on 
plows and rabble arms by one-third. 

(5) The elimination of the bucket 
elevator now used for feeding sludge 
from the dry storage tank to the in- 
cinerator, made possible by the above 
change, effects a further reduction in 
maintenance costs. 

(6) The installation of a small coal 
pocket of measured capacity and a feed 
device that would make it possible to 
fuel the incinerator constantly at a 
very low rate, thus eliminating tem- 
perature variations resulting from in- 
termittent discharges of coal at high 
rates. 
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(7) Revamping of the drafts and ex- 
haust gas passages in the incinerator 
for the accomplishment of better tem- 
perature control, odor elimination, im- 
proved utilization of the waste heat 
boiler and general improvement of 
efficiency. 

The equipment was finally ordered in 
January, 1944, after a long delay ocea- 
sioned by priorities. Due also to war 
conditions, delivery was not made until 
11 months had elapsed. Installation 
was performed entirely by regular 
plant mechanics. Parts of dismantled 
items of equipment were utilized 
throughout the job wherever possible. 


Provisions for Future Needs 

Care was taken to install equipment 
that not only would be sufficient for 
present needs but that would fit in with 
about any future condition, even to a 
complete restoration of the former 
method of operation. One complete, 
incineration unit has not been changed. 
This can, of course, be equipped simi- 
lacly to the revised unit or it can be 
used as a spare incinerator in case it 
becomes necessary to remove the re- 
built unit from service. 

At present there is no standby de- 
hvdration equipment; the equipment 
selected, however, is very simple. 
There is now liberal available storage 
for both wet and dry sludge and there 
should be ample time to make even 
quite extended repairs without having 
to revert to the original system of op- 
eration. There are, moreover, several 
other operation procedures and com- 
binations that can be resorted to in 
emergency. If other dewatering units 
are to be added they can be of larger 
or smaller capacity. 


Present Method of Operation 
Each shift operates the dehydrating 
equipment and dewaters the material 
accumulated during the previous shift. 
This, if possible, is retained in the 
ejector pots and not stored in the large 
storage tank. The wet screenings are 
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still likely to arch and lodge in the 
large storage tanks, and remedial meas- 
ures have not vet been worked out 
entirely. 

The sereenings are discharged from 
the ejector pot into the large tank and 
pass slowly through the sludge press. 
From the sludge press, after dehydra- 
tion, the cake is elevated by the pneu- 
matic system to the dry sludge storage 
tank that feeds the incinerator. Each 
storage tank has a screw feed with stir- 
ring paddles to preclude any arching 
of the tank contents. The screw feed 
and conveyor are equipped with an 
adjustable drive and deliver the mate- 
rial to the proper point. 

The incinerator is charged at a slow 
rate in order to avoid disturbance of 
the heat balance in the incinerator be- 
tween the several hearths. The de- 
hydrated cake is almost dry enough to 
burn without the use of auxiliary fuel. 
The sludge burning cyvele, however, 
covers less than one-half of the total 
shift so that coal must be fed in small 
amounts at least to maintain tempera- 
tures and to keep the fires intact. 
Auxiliary coal is fed from the storage 
bunkers at a constant rate, consistent 
with the requirements of the incinera- 
tion process. 

There was a waste heat boiler fur- 
nished with the original equipment and 
this boiler was expected to furnish the 
heat for the building in winter. This 
was a successful installation provided 
that the incinerator was operated at 
very high temperature, but this in- 
volved a high consumption of coal and 
was too expensive. In order to cut 
down on the auxiliary fuel and to run 
the incinerators at lower temperatures, 
the waste heat boiler was disconnected 
and converted to an ordinary boiler 
fired with coal and entirely separate 
from the incinerator system. This ac- 
complished the purpose at a saving of 
considerable coal, but a waste heat 
boiler is not adapted to efficient service 
as an individually fired unit. 

The original provision for circula- 
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tion through the incinerator was never 
right as far as odor control was con- 
cerned. It was the intent of the manu- 
facturer to effect evaporation by pas- 
sage of the hot gases from the burning 
hearths over the evaporating hearths in 
such a manner as to utilize heat from 
combustion to assist in the evaporation. 
By so doing, however, the gases lost 
their heat and then were partly re- 
heated and mixed with other spent 
gases, which passed through the waste 
heat boiler (when used as such) and 
then up the stack. 

Without going into too much detail 
coneerning the various circulation 
paths of the hot gases in their functions 
of evaporating and incineration, it is 
sufficient to state that while the gases 
might at certain points in their circula- 
tion attain the temperature required 
for the destruction of organic odors, 
there always was a part of the dis- 
charged gases that contained evapo- 
rated vapor. This was the funda- 
mental weakness of this particular in- 
cinerator that had to be overcome be- 
fore positive control of odors could be 
achieved. 

With the new revisions the entire 
evaporating function of the incinerator 
was eliminated. The hot gases are now 
circulated in such a manner that, after 
burning at the critical temperature 
necessary, they are not allowed to per- 
form any evaporating functions before 
exit to the stack and must pass over the 
hot hearths, thus insuring perfect elimi- 
nation of organic odors as far as pos- 
sibly can be done. 

While it is expensive and costly to 
raise the gases to this temperature by 
use of auxiliary fuel, for at least six 
months in the year such fuel is not 
wasted, since it can be eredited to 
building heat. Thus, in the modified 
path of circulation of gases, the waste 
heat boiler is now located between the 
hot hearths and stack. The stack is 
sufficiently large to furnish the re- 
quired draft, no matter how low the 
temperature of the gases entering the 
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stack, as long as only one incinerator 
is being used. 


Dehydration Results 
Data representing the moisture con- 
tent of the screenings, after dewatering 
in the filter press, are presented in Ta- 
ble 2. The initial moisture content of 


TABLE 2.—Per Cent Moisture in Pressed 
Screenings, May to August, 1945 


ay x May June | July August 
1 60.2 | 59.6 | 69.8 57.6 
Z 56.2 Hy Br 65.0 57.0 
3 61.8 | 57.8 59.0 59.2 

{ 55.4 | 56.8 | 60.6 58.6 
5 | 57.4 55.8 56.4 70.2 
6 | 65.8 56.8 62.6 70.2 
7 | 65.4 | 57.4 62.6 63.6 
g | 56.2 56.4 | 64.4 
9 | 55.8 54.0 58.6 
10 54.8 ae 4 58.6 
11 | 62.6 58.4 | 66.0 
: 12 | 5x.2 52.4 68.0 
‘3 61.0 53.6 67.8 
14 | 62.8 56.6 | 48.8 
15 | 57.6 15.0 62.6 
16 | 64.8 | 61.4 722 
17 | 53.0 58.4 60.4 
18 | 52.0 58.4 56.6 58.2 
19 54.0 | 59.6 62.2 59.6 
20 | 62.8 | 66.6 56.4 | 70.6 
21 | 61.6 | 66.0 | 61.2 59.6 
22 | 61.4 56.6 | 59.4 61.6 
23 | 57.4 | 50.8 | 67.6 | 61.6 
24 | 52.8 | 58.6 | 61.6 | 65.6 

| | 

25 | 53.4 | 62.6 62.6 58.8 
26 58.4 | 60.0 60.6 | 60.2. 
27 | 64.0 61.2 57.6 74.0 
28 68.4 60.6 | 56.0 61.4 
29 | 56.4 57.2 | 66.0 56.4 
30 | 58.4 64.0 66.6 60.8 
31 | 62.6 59.8 64.0 


Average 59.1 | 58.0 61.3 62.5 





the wet screenings as delivered to the 
press averaged about 85 per cent, rang- 
ing from 82 to 88 per cent. The indi- 
cated reduction of the moisture content 
from 85 to 60 per cent represents a 
percentage removal of water from the 
screenings of 73.5 per cent. 
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The data contained in Table 2 cover 
only the summer period of May to Au- 
eust, 1945. It is in these summer 
months that the odor problem is most 
eritical. 

Economies Effected 

The cost of fuel for use in the Ni- 
agara Falls plant is a relatively minor 
item, amounting to only about 5 per 
cent of the total operation expense. By 


converting the gallonage of fuel oil. 


used in the period November 1, 1939, to 
October 31, 1944, to the equivalent ton- 
nage of coal, and adding this value to 
the actual tonnage of coal also used in 
the same 5-year period, it is determined 
that the average daily rate of coal con- 
sumption prior to the changes reported 
here was 2.86 tons. The present rate 
of feeding coal to the incinerators is 
2.25 tons per day, an indicated reduc- 
tion of 0.61 ton per day or 21.3 per 
cent. Auxiliary fuel consumption at 
this time is about the same as it was 
in the early vears of operation when 
loadings were much lighter. 

Although it is too early to furnish 
precise data, it is believed that mainte- 
nance requirements of the equipment 
now in use will be appreciably less than 
previously. It has already been men- 
tioned that the present uniform incin- 
erator temperatures will lengthen the 
life of the linings, which will be a 
heavy replacement item when the time 
comes. The new rabble installations 
are simplified and will involve less ex- 
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pense for labor and repair parts. The 
bucket elevators, now dismantled, were 
a souree of expense for replacement 
parts and required a good deal of the 
mechanie’s time that now may be em- 
ployed to advantage on other work. 
The labor needed to operate the 
sludge press is no more than was re- 
quired to feed the wet screenings for- 
merly. This operation, once completed, 
releases the men for duty elsewhere. 


Conclusions 


It is too early to tabulate completely 
all of the benefits and savings that 
should result from the plant improve- 
ments and revised operation proce- 
dures. It will be evident that continu- 
ing maintenance costs and long term 
expenses for renewal of equipment are 
involved in addition to fuel and labor 
costs. Observations to date indicate 
clearly, however, that the following 
aims have been realized : 

1. The odor problem has been solved 
in highly satisfactory fashion without 
increasing operation expenses. 

2. General operation of the plant has 
been vastly improved, both in efficiency 
and economy. 

3. The present solution of the prob- 
lem has entailed a moderate outlay and 
the plant changes made may be readily 
incorporated into an ultimate program 
to be carried out at a later date when 
cost and labor conditions are more 
favorable. 





THE DETERMINATION OF SUSPENDED SOLIDS 
IN SEWAGE 


By R. S. Young anp A. LieBow1tz 


Chief Research Chemist and Chemist, Respectively, Rhokana Corporation Limited, 
Nkana, Northern Rhodesia 


The accurate determination of sus- 
pended solids is a very important oper- 
ation in sewage works practice, since 
frequently by government regulations 
final effluents must not contain more 
than 30 p.p.m. of suspended matter as 
discharged into streams or otherwise re- 
leased from the sewage treatment plant. 
In addition, the measurement of sus- 
pended matter is usually required regu- 
larly as an indication of changes in the 
characteristics of the sewage, of the 
load imposed on percolating filters, and 
of the efficiency of sedimentation or 
flocculating processes throughout the 
various operations of sewage purifica- 
tion. In standard references on water 
and sewage (1, 2, 3) the determination 
of suspended solids is carried out by 
filtering a measured volume through a 
Gooch crucible with suction, followed 
by drying and weighing the crucible in 
the usual manner. 

The filtration of many types of sew- 
age effluents by this procedure is an ex- 
ceedingly time-consuming operation. 
The colloidal or semi-colloidal nature 
of part of the suspended matter results 
in rapid clogging of the asbestos mat in 
the crucible, and strong suction seems 
to merely aggravate the condition. De- 
creasing the thickness of the mat from 
the recommended 2 to 3 mm. allows 
more of the finer particles to pass 
through the filter and gives an_in- 
creasingly turbid filtrate. 

Some determinations of suspended 
solids in effluents from Imhoff tanks 
receiving sewage from a large native 
compound at Rhokana Corporation, 
Nkana, Northern Rhodesia, prompted 
the writers to try modifications of ex- 
isting procedures. These effluents ap- 
peared to be particularly difficult to 
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filter, probably owing to their high 
carbohydrate content derived from the 
predominantly maize diet of the Afri- 
ean. 

It was hoped that a centrifuge could 
be used to effect a separation of the 
effluent into a large volume of clear, 
rapid filtering liquid and a very small 
quantity of solids which would require 
a minimum of wash water in transfer- 
ring from the centrifuge vessel to the 
Gooch crucible. Centrifuging, how- 
ever, at speeds up to 2,000 r.p.m. with 
a precipitating force exceeding 1,000 
times that of gravity, failed to give any 
observable decrease in turbidity of the 
sample. It is possible that a super 
centrifuge would have given a satisfac- 
tory separation, but this equipment is 
rarely available in sewage works lab- 
oratories. 

The addition of a reagent to induce 
flocculation of the effluent, and hence 
speedier filtration, is fraught with 
many difficulties. In the first place 
such a reagent must be water-soluble 
and have no effect, either by direct 
chemical action or by an alteration in 
the pH of the liquid, on the effluent. 
For instance, the addition of aluminum 
sulfate to an alkaline or neutral solu- 
tion, with the resultant precipitation 
of aluminum hydroxide, would increase 
the suspended solids of the effluent. 
Secondly, the addition of a neutral salt 
or other water-soluble substance having 
an electrical charge opposite in sign to 
that of the fine particles is not effective 
in floceulating effluents, owing to their 
complex nature and the presence of 
protective colloids like soaps and 
starches. 

Attention was then directed to filtra- 
tion in a Gooch crucible and a number 














Vol. 18, No. 2 


of variations in suction, depth of as- 
bestos mat, use of sintered glass 
crucibles, ete., were attempted. The 
procedure finally developed, which dis- 
pensed with both asbestos and suction, 
is given below. It is believed that this 
method may be applied successfully for 
the filtration of other obstinate solu- 
tions than effluents. 


Suggested Procedure 

Prepare a Gooch crucible in the cus- 
tomary manner, using slight suction, 
with a 6- to 8-mm. layer of best quality 
filter paper pulp. Dry at 105° C. and 
weigh. Place a short length of rubber 
tubing provided with a pinchcock over 
the end of the stem of a 75-mm. diam- 
eter long-stemmed glass funnel, Fill 
the funnel about 14-full of water and 
place the Gooch crucible in the funnel. 
Carefully pour filter paper pulp 
around the space between crucible and 
funnel, being careful to avoid spilling 
any pulp into the erucible. This ean 
be done by temporarily fitting a stop- 
per in the Gooch crucible. 

Drain out a portion of the water, by 
opening the pinehcock at the bottom 
of the stem, each time more pulp is 
added until a good layer is present. 
Tamp the pulp with a glass rod into a 
continuous, compact layer between the 
crucible and the funnel. Water must 
not drain below the bottom of the cru- 
cible, otherwise air is admitted and the 
continuous water layer between cru- 
cible and funnel stem, on which the 
rapidity of the filtration process de- 
pends, is broken. 

Remove the rubber tubing and pinch- 
cock from the funnel stem. If the 
paper pulp has been properly packed 
around the crucible, water will drip 
slowly from the funnel and an airtight 
column will be maintained. Place the 
funnel containing the Gooch in an or- 
dinary funnel stand and filter the 
effluent through the’ crucible in the 
usual manner. Wash off any adhering 
paper pulp from the outside of the 
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crucible, dry at 150° C., and weigh. 
Before filtering the effluent pass about 
25 ml. of distilled water through the 
crucible to allow the filter paper to re- 
sume its original bulky pulped form. 
If the first few milliliters of the filtered 
effluent come through turbid, refilter. 


Discussion 


It has been found that this procedure 
eives excellent results in both clarity 
of filtrate and rapidity of filtration for 
suspended solids in effluents which were 
formerly exceedingly troublesome. For 
instance, 100 ml. of the Imhoff tank 
effluents, referred to above, could be 
filtered clear in this way in 45 minutes 
compared with 8 hours required when 
using asbestos in a Gooch crucible with 
suction. It appears that there are two 
factors responsible for this improve- 
ment. The large volume of paper pulp 
probably provides a_ better filtering 
medium than a thin dense pad of as- 
bestos, which rapidly becomes choked 
with a relatively impervious layer of 
fine suspended solids. The very gentle 
downward pull induced by the un- 
broken column of water in the funnel 
does not bind the fine particles of the 
effluent into a tight mass on the paper 
pulp. That the latter is an important 
factor is shown by poor filtration se- 
cured when ordinary suction, even at 2 
very low rate, is apphed to a Gooch 
crucible provided with a thick layer of 
paper pulp in place of the conventional 
asbestos mat. 

In the procedure given for suspended 
solids by some authorities (2) it is indi- 
cated that a slight turbidity may be 
found after filtration of certain efflu- 
ents, but this is disregarded on the 
assumption that such finely divided 
suspended matter will not settle within 
a reasonable time after its discharge 
into a stream. We believe that a ne- 
elect to obtain a clear filtrate may lead 
to wide variations in values for sus- 
pended solids obtained by different 
workers on the same sample. It should 
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be recalled that precipitation of the 
finely divided particles of an effluent 
may occur shortly after its discharge 
into a stream, through the influence of 
many factors such as changes in pH, 
composition of the water, trade wastes, 
ete. Even a slight turbidity in a fil- 
tered effluent may exceed the low limit 
of 30 p.p.m. suspended matter insisted 
upon by some regulatory bodies. We 
believe that the procedure outlined 
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above will enable clear filtrates to be 
obtained in a reasonable time. 


Summary 

A modified technic for the filtration 
of suspended solids in sewage effluents 
is described. This procedure has 
proved very satisfactory for obtaining 
clear filtrates from an exceptionally 
difficult effluent in much less time than 
was formerly required for this deter- 
mination. 
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DISCUSSION 


By W. D. Hatrietp * AND WALTER W. DILLER 


Superintendent and Chemist, Respectively, Decatur (1ll.) Sanitary District 


We have tried the paper pulp 
method suggested by Messrs. Young 
and Liebowitz, using 50 ml. of mixed 
activated sludge liquor (90 mg. of 
sludge on the mat), and find that the 
material will filter easily in less than 
15 min. using a 25-ml. Gooch crucible. 
The success of the method seems to be 
due to two factors: (1) the ‘‘fluffing 
up’’ of the mat before starting the 
filtration and (2) the use of a very 
mild vacuum, 7.¢., a 6- to 8-in. negative 
head of water in the stem of the funnel. 

There are two disadvantages to the 
proposed method: (1) the determina- 
tion of volatile matter in the filtered 
solids is difficult and (2) the technic 
described of matting the crucible into 
the funnel is time-consuming. This 
latter difficulty, however, is easily over- 
come. Instead of the funnel, place a 


* Chairman, F.S.W.A. Committee on Stand- 
ard Methods of Sewage Analysis. 


glass tube about 6 or 10 in. long in a 
No. 5 rubber stopper and attach to the 
rubber stopper a piece of 118 by 4-mm. 
rubber hose, into which the base of the 
Gooch crucible fits snugly. At the 
bottom of the glass tube a short piece 
of rubber tubing with a stopcock is 
fitted and operated as described by the 
authors. The length of the glass tube 
can be varied to secure the amount of 
suction desirable for the particular ma- 
terial being filtered. 

The poor quality of the asbestos 
presently available for Gooch deter- 
minations has made the filtration of 
sewage and sewage effluents a problem. 
We have found that the asbestos must 
be washed free of ‘‘fines’’ until the 
usual mat, when wet, draws a vacuum 
of about 6 in. of mercury under our 
conditions. The asbestos requires from 
2 to 10 washings by decantation to re- 
move the ‘‘fines’’ which clog the pores 
of the mat. 

















CERTIFICATION OF SEWAGE TREATMENT 
PLANT OPERATORS * 


By W. F. SHEPHARD 


Chief, Division of Sewerage and Sewage Treatment, Michigan Department of Health, 
Lansing, Michigan 


An action by the government delegat- 
ing the exclusive right to a particular 
eroup of individuals to perform a spe- 
cifie activity, by a process such as 
licensing or certification, involves a 
fundamental rule of life and restriction 
of freedom that may not properly be 
lightly undertaken. For by the very 
act of licensing, the use of full govern- 
mental authority is at least implied in 
denying to the remaining individuals 
the right to make a living in the par- 
ticular field concerned. It may very 
properly be asked by what right and 
for what purpose the authority of gov- 
ernment may be so invoked to limit 
the action of individuals. The areu- 
ment that the lot of the individual so 
licensed will be improved by such gov- 
ernmental action is poor justification 
indeed for such limitation of individual 
freedom. Only in so far as this action 
can be shown to protect the public in- 
terest can there be any justification for 
such interference by the government in 
the life and activity of the individual. 

So, if licensing or certification of 
operators of sewage treatment works is 
a proper activity of government, then 
it may properly be done only if 
certification will in one way or another 
clearly benefit or protect the public in- 
terest. This criterion would appear to 
make mandatory a showing that by the 
procedure, the public interest is better 
protected by reason of improved pollu- 
tion control, by better protection of 
public property, by elimination of con- 
ditions of nuisance, and by obtaining 
the optimum return in service per unit 
of expenditure of public funds. 


* Presented at Twelfth Annual Convention, 
The Canadian Institute on Sewage and Sani- 
tation, held at Windsor, Ont., Canada, on No- 
vember 5-6, 1945. 
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Justification for Licensing 


It cannot be shown that licensing will 
of itself insure, unfailingly, that all of 
these criteria will be fully realized. 
For at best, licensing can only reason- 
ably insure that the holder has the 
capacity to do the work involved, and 
less accurately, that he has the dispo- 
sition to do the work, but cannot guar- 
antee that he will actually perform. 
It can be shown however, that indivi- 
duals unqualified by knowledge, train- 
ing, aptitude, and experience, will fail 
to operate facilities in a manner which 
will secure optimum performance. It 
can be shown that incompetence, what- 
ever the cause, will result in increased 
depreciation of equipment. It can be 
shown that neglect, whether occasioned 
by indifference or ignorance, will result 
in creation of a public nuisance at a 
facility intended for public protection. 
It can be shown that intelligent ap- 
praisal of available facilities will point 
the way to securing maximum perfor- 
mance from these facilities, and direct 
the way toward appropriate correction 
of existing limitations. It can be 
shown that replacement of skilled and 
experienced personnel with men_ in- 
adequately trained and with limited or 
no experience in the field will result 
disadvantageously to the public inter- 
est. So it would seem that the case for 
exercise of the authority vested by the 
people in their government can be sus- 
tained in this instance. 


The Licensing Authority 


Accepting that premise, how then 
should this authority be exercised? In 
one form or another, the people have 
generally expressed their determina- 
tion to have streams and public water- 
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courses protected from pollution, and 
to have the liquid wastes of the com- 
munities properly collected, treated, 
and disposed of in a satisfactory man- 
ner. They have, in a variety of forms, 
delegated authority to certain govern- 
mental agencies for execution of this 
policy. This in many instances, takes 
the form of requiring that plans for 
collection and disposition of such 
wastes receive the sanction of 
specific agency, most often a health or- 
ganization. It seems logical, therefore, 
that whatever agency is charged with 
this duty and responsibility might well 
be the agent through which this addi- 
tional and complementary function of 
government should be exercised. This 
is not exclusively an interest of govern- 
ment representing the public, however. 
The individual or the group of indivi- 
duals who are to be so licensed have, 
properly enough, a specific and _ per- 
sonal interest in the execution of such 
policies. So it is quite proper that they 
too have a voice and opportunity for 
action in the administration of such a 
plan. The employers of the licensed 
individuals, the and 
‘might properly claim that they too are 
directly concerned, for the licensed in- 
dividual becomes, finally, one of their 
employees, whose salary they must pay 
and upon whose competence they must 
rely, and for whose actions they are re- 
sponsible. So it might well be that in 
one form or another, recognition should 
be given to these three interests in 
adopting any plan of licensing or cer- 
tification. 


some 


cities villages, 


Licensing in Michigan 
Responsibility for the control and 
supervision of sewage treatment works 
at a state level in Michigan has been 
vested in the State Commissioner of 
Health since the passage of Act 98, 
P.A. 1913. No specific authority was 


written into this act giving the com- 
missioner power to certify or license 
sewage treatment plant operators. It 
was felt, however, that the general 
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health laws of the state, together with 
the specific authority granted in this 


Act were broad enough to sanction 
such procedure. After a committee 


representing the Michigan Sewage 
Works Association had investigated the 
matter and it had been given considera- 
tion by the association for several 
years, a resolution requesting the com- 
missioner to adopt such a plan was 
unanimously adopted. Rules and regu- 
lations covering a certification plan 
were then prepared and adopted by 
the State Advisory Council of Health 
as required by law. The matter was 
also discussed with the Michigan Muni- 
cipal League before the rules and regu- 
lations were adopted. 

After the plan had been put into 
effect for several years, the question of 
the validity of the regulation was 
raised in connection with the certifica- 
tion of an operator for one of our 
municipalities. The Attorney Gener- 
al’s advice was sought and his formal 
opinion stated that authority for such 
certification or licensing could not be 
inferred, and in the absence of specific 
authorization by statute, the regulation 
in question was not, in his opinion, en- 
forceable. In view of that opinion and 
pending action by the legislature dele- 
eating such specific power to the Com- 
missioner of Health, that portion of the 
reculations making certification man- 
datory was abandoned and a plan of 
voluntary certification was adopted. 
This plan provides for a Board of Ex- 
aminers, at least one of whom shall be 
an operator. No fees are charged for 
examination. The place and time of 
examinations are not fixed and in prac- 
tice have been given simultaneously 
at three locations most convenient for 
No examinations have 


the operators. 
Provision 


been held during the war. 
is made for revocation of a certificate, 
after a hearing, for the practice of 
fraud or deception in the examination, 
or for negligence in the discharge of 
duty. 
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Classification of Plants 


Under this plan, the plants in the 
state are subdivided into four classifica- 
tions designated by the letters ‘‘A,”’ 
“By? “C,”’ or D.’’ The classifica- 
tions are made by the Board according 
to population served, type of plant, 
character of sewage treated, and the 
use and nature of the body of water 
receiving the effluent. Plants serving 
40,000 or over are designated as Class 
A, between 10,000 and 40,000 as Class 
B, between 2,000 and 10,000 as Class 
( and less than 2,000 as Class D. 
Plants below Class A in population 
served may be classified in a higher 
eroup by reason of having special fea- 
tures of design or characteristics more 
difficult to operate than is usually 
found in plants of smaller size, or by 
reason of particular stream conditions 
or combinations thereof. Plants in- 
cluding mechanical devices and meth- 
ods of treatment such as aerators, re- 
circulating filters, and chemical pre- 
cipitation, are classified not lower than 
Class B, except where populations less 
than 2,000 are served. Corresponding 
certificates are recommended for a per- 
son who demonstrates to the satisfac- 
tion of the Board that he possesses the 
necessary ‘‘knowledge, skill, training, 
and personal characteristics to satis- 
factorily operate’’ plants of that classi- 
fication or lower, except that no certifi- 
cates are issued in the Class D group. 
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Examinations 


The examinations for determining 
the qualifications of an applicant for 
certification are divided into four 
major sections: 


1. The educational qualifications of 
the applicant. 

2. The experience qualifications of 
the applicant. 

3. The personal characteristics of the 
applicant. 

4. The technical knowledge of the 
applicant on the general subject 
of sewage treatment plant opera- 
tion in any or all of its phases. 


Applicants are required to submit 
statements of their educational and ex- 
perience qualifications and the names 
of four character references. A eandi- 
date must attain a minimum grade of 
at least 60 in each part of the examina- 
tion and a weighted average grade of 
70 in the four sections to become eli- 
gible for certification. This weighted 
erade is caleulated by adding 10 per 
cent of the grade in Section 1, 30 per 
cent of the grade in Section 2, 10 per 
cent of the grade in Section 3 and 50 
per cent of the grade in Section 4. 

In determining the rating for an ap- 
plicant’s education and experience 
qualifications, a schedule was worked 
out as follows: 


SCHEDULE FOR DIVISION I—EDUCATIONAL QUALIFICATIONS 


(Total credit may not exceed 100) 


BASIC GRADE 


(Credit awarded for one item only, not additive with other items in basic grade schedule) 











Class A Class B Class C 
Grade School... ...... 2.04... LA Res Rae eaET ARRAS pace wo Ra Us nhranads 10 30 50 
GEAdaION TOM HIDN SONOON. 6... oc cdi Gi ces se ha be es Hales ot 40 60 70 
College—Sanitary Engineering graduate...................... 90 90 90 
College—Graduate engineering other than sanitary............. 80 85 85 
College—Graduate, other than engineering.................... 70 80 80 
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ADDITIONAL 
(Credit additive to basic grade credit) 





| | | 
Advanced degree in sanitary engineering...................... | 10 10 | 10 
Short course work in sewage treatment...................00.. | 10 |; 20 | 30 
Other work (correspondence courses, uncompleted high school and | 
college course, trade schools, special courses, etc. Credit as | 
determined by Board).....:........... een tie — | — | — 





SCHEDULE FOR DIVISION II—EXPERIENCE QUALIFICATIONS 
(Total credit may not exceed 100. Credit awarded for any single item from any single group 
may be added to credits awarded for items in other groups in determining total but not more than one 
item in a single group may be used.) 





















































GROUP ! 
| Class A | ClassB | Class C 
= = ee ~| -| 
1. Responsible charge of operation of C Sai A pent = two years. . | 60) 80 80 
For each year of 8 additional years add....... esi renee | X5= X2= xX2= 
Ul 2 ae By Pe ere eee ee | 
2. Less than two years in responsible charge Class A plant, or sub- | 
ordinate but position requiring some responsibility, direction | 
of others, some technical knowledge, or responsible charge | 
Class B plant for two years...... Teer 30 60 70 
For each year of 3 additional years Re hte ee, | X15= | X12= xX5= 
EC te te ee ee eee eee re | 
a Pesca + _|—-- 
3. Position of minor responsibility at Class A or B plant inodoian | 
only execution of directions given by others, or responsible | | 
charge Class C plant, for two years.... aot ee 20) 30 60 
For each year of 3 additional years add. oes pescancel oe | X= | Xi0= 
LOLS ea eee ee | | | 
GROUP B 
1. Responsible position in weaned design of sewage treatment. | | 
works for five years. . ae 40 60 70 
For each year of 4 additional years add...... eis ..| X5= | X5= | X5= 
U0) | 
2. Subordinate position in engineering design requiring technical 
knowledge of art of sewage treatment for two years....... 15 30) 60 
For each year of 3 additional years add....... a xo= x10= | X10= 








G ROU PC 


| Class A Class B | Class C 








1. Responsible charge of operation of water purification plant for 
at least 3 years.......... Jane Ree ASE eS roe Bee 2: 30 50 





2. Position of nealing favolel ing me tion of ae rs in fie Ids 
other than sewage treatment for 5 years.................. 20 30 50 











Ve 
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: GROUP D 





1. Employment with State or Federal Departments of Sanitary 
Engineering on assignment relating to municipal water puri- 
fication, sewage treatment, stream pollution investigations, 














GUC OR WO ORT haste i ce cote holes, el sieeve Mb ws ek a ae A 20 60 70 
For each year of 5 additional years add.................... | X10= xs= <5= 
| 
SD SERS Pee ESE SOS a eee 
5 CA a i OR eS SEO a Tce a 
2. Technical positions with manufacturers of sewage treatment | | 

plant equipment, requiring knowledge of design, processes | 
and procedures in sewage treatment work for five years.....| 60 | 80 80 


3. Research work in sewage treatment or industrial wastes. 
(Credit to be determined by Board)...... 





GROUP E 





Unlisted activities. 


(Credit to be determined by Board)....... i Se i, ss = 








Experience in the use of this schedule 
indicates that it is reasonably satisfac- 
tory and appears to give a fairly accu- 
rate representation of an applicant’s 
qualifications. 

The written examination occupies a 
day’s time. A typical examination em- 
braces a list of 50 ‘‘true and false’’ 
type questions which cover a_ wide 
range of items. Probably this is the 
most effective way of covering a wide 
range of knowledge in a short time. 
In an attempt to compensate for a 
gerade an applicant might attain by 
the law of chance, a credit of one point 
is given for a correct answer, a point 
is deducted for an ineorrect answer, 
and a grade of zero is given for no 
answer. <A second group of 25 ques- 
tions is of the form requiring the ap- 
plicant to fill in blanks with a few 
words, generally not more than three 
and frequently only one. This also 
affords a rapid method of measuring 
the applicant’s general knowledge of 
the field. A third group of questions 
is of the problem and essay type and 
is designed to determine the applicant’s 
knowledge of plant processes, operat- 
ing procedures, methods of caleula- 
tions, and so on. Some latitude is al- 
lowed in these questions by the use of 


optional selection, to give the applicant 
an opportunity to take advantage of 
special knowledge of a particular type 
of plant and to avoid penalizing him 
for not possessing detailed information 
about a process with which he may not 
have had opportunity or occasion to be- 
come acquainted. This is particularly 
true in the lower group classification. 
These questions are also weighted so 
that the applicant has full knowledge 
of the relative importance given each 
question. 

All applicants are given every oppor- 
tunity to become fully acquainted with 
the nature of examinations. When 
available, copies of previous examina- 
tions have been given out upon request. 
Reference to texts has not been per- 
mitted in the past. Slide rule ealeula- 
tions have been accepted, although in 
questions involving calculations, it is 
required that the calculations be shown. 
Reasonable latitude in grading is al- 
lowed where common practice in the 
topic question varies. 

All papers are graded individually 
by each member of the Board and the 
final grade determined by averaging 
the values given by the individual 
examiners. 
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Evaluation of Personal Qualifications 


The evaluation of an applicant’s per- 
sonality and character is probably the 
most inaccurate and unsatisfactory 
phase of the examination, for to evalu- 
ate properly the statements of refer- 
ences given, the examining board would 


first need to evaluate the individual 
making the statement, which is of 
course impossible. From the state- 


ments actually received in reference to 
previous applicants, it would seem that, 
collectively, they are a most exception- 
ally high grade group, certainly far 
above the standard which would be at- 
tained by a similar number of actual 
operators selected at random, whose 
qualifications are personally known to 
the Board. Nevertheless, judging from 
the writer’s experience with a good 
many operators covering a long period 
of time, these personal qualifications 
the integrity, the loyalty, the resource- 
fulness, the perseverance, the diplo- 
macy, the energy, the thought habits. 
are worth infinitely more than an abil- 
itv to do certain mathematical exer- 
cises, or the acquisition of several key 
bits of information, or even possession 
of a good understanding of the art of 
sewage treatment. Certainly some at- 
tempt at weighing these characteristics 
is in order. Recognizing the inherent 
difficulty of measuring an individual’s 
aptitude, knowledge, and ability by 
any form of examination, short of ac- 
tual trial, the system described seems 
to have worked with reasonable accu- 
racy and satisfaction. Criticisms that 
the examinations are too difficult or too 
easy seem to be rather well propor- 
tioned, with the first objection out- 
numbering the second, as would be 
expected. 


Scope of Program 


In Michigan, the effort has been di- 
rected toward certifying the super- 


intendent or person in actual operating 
charge of a plant, although certificates 
of competency are issued to others. 
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This practice is open to critigism par- 
ticularly in larger plants where a con- 
siderable measure of responsibility 
rests with several individuals, for ex- 
ample, foremen or assistant super- 
intendents in charge of various shifts, 
or in a few eases, where individuals 
may be in charge of operation of cer- 
tain plant functions, such as the indi- 
vidual in charge of chlorination, or 
sludge incineration, or primary sedi- 
mentation. It might well be that some 
provision should be made for certify- 
ing these men. 

Another debatable procedure is the 
rather fundamental one of certifying 
or licensing by plant classes, as de- 
scribed above. 
known that there are operators giving 
perfectly satisfactory performances in 
a plant with which they have become 
thoroughly acquainted, perhaps in a 
rule-of-thumb way or perhaps by work- 
administrations, 


From experience, it is 


ine under previous 
who do not possess and would find it 
most difficult to acquire knowledge to 
qualify them for certification in the 
general class in which their plant lies. 
Nevertheless, they are competent in 
their individual plants and are entitled 
to recognition, and perhaps, in a quali- 
fied way, to whatever benefits such a 
plan offers to the individual. Possibly 
certifying individuals to specific plants 
might offer a solution to this phase of 
the problem, vet it would undoubtedly 
be more difficult to administer. 


Conclusion 


It is interesting to note how nearly 
past procedure in Michigan parallels 
the recent recommendations of the 
F.S.W.A. Committee on Qualifications 
of Sewage Treatment Plant Operators. 
Very little change would be required 
in our basic procedures to bring them 
into complete conformity with these 
recommendations. 

It seems probable that there will be 
a material increase in the number of 
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plants operating, once the decks are 
cleared for construction in the postwar 
era. Many existing plants are due for 
enlargements and alterations, and some 
are badly in need of better operation. 
Standards of performance seem likely 
to be raised. All of these things point 
to the need for more and better opera- 








tors, for in the last analysis it is upon 
the plant operators that dependence 
for adequate pollution control must 
finally rest. Licensing or certification 
ean only be justified as it serves to 
improve the competency of that profes- 
sion and gives to the public the protec- 
tion and service to which it is entitled. 











SEWAGE PUMPING STATIONS * 


By W. S. Lea 


Consulting Engineer, Montreal, Quebec, Canada 


Both the design and the operation of 
sewage pumping stations are governed 
by a number of factors, among which 
may be mentioned : 


1. Whether the sewerage system is 
separate or combined; 

2. Whether the sewers are 
self-cleansing slopes for 
weather flow or, in the case of a 
combined system, for storm water 
flow only ; 

3. The character of 
wastes and whether such 
constitute a small or large propor- 
tion of the dry weather flow; 

4. Whether the discharge is to a 
sewage treatment plant or di- 
rectly into a body of water and, 
if the latter, whether or not it is 
permissible to discharge any solids 
the pumps can handle or if solids 
of obvious sewage origin must be 


laid on 
dry 


manufacturing 
wastes 


comminuted or shredded ; 

5. Whether the head is high or low 
and the degree to which the head 
varies; 

6. Whether the station 
cally controlled or is constantly 
attended. 


is automati- 


It is scarcely necessary to state that 
the factors listed above can be consid- 
erably extended, particularly to meet 
special conditions. 

This paper will be confined mainly 
to a discussion of the pumps and pip- 
ing used in sewage lift stations; no 
reference will be made to prime movers 
or standby equipment and limited ref- 
erence will be made to details of station 
design. It is further proposed to deal 
only with comparatively small installa- 
* Presented at 12th Annual Convention, 
Canadian Institute on Sewage and Sanitation, 
Windsor, Ont., Canada, November 5-6, 1945. 





tions serving a population of say 25,000 
or less, but most of the comments will 
probably apply quite as well to plants 
of much greater capacity. It will be 
assumed that the territory served by 
the station is drained by a combined 
system of sewers; also that operators 
are in attendance and that the pumps 
are motor driven. 


Suction Well 


Where three or more pumps may be 
running together most of the time, 
some attention should be given to the 
design of the junction between the sup- 
ply sewer and the suction well. 

If the sewer naturally joins the well 
more or less at right angles, and at or 
near its center, the approach channel 
should be gradually flared out on both 
sides and training walls installed to 
direct the flow toward each suction, to 
the end that the load may be more equi- 
tably shared by each unit. This is 
somewhat more easily achieved if all 
the pumps are of the same capacity. 

When the sewer joins the well at one 
end, whether or not on its longitudinal 
axis, the problem is much more difficult 
of solution. It is the writer’s opinion, 
however, that with several units in- 
volved, proper distribution of the flow 
to the pumps can be more satisfactorily 
attained by continuing the inlet sewer 
alongside the well with a branch to 
each suction. 

It is believed to be somewhat better, 
where the sewer joins the suction well 
at or near one end, to locate the dry 
weather flow pumps at this end, the 
storm water pumps being installed in 
the other end of the suction well on the 
more or less direct line of the sewer. 
The whole well can be divided by a low 


wall between the small and large 
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pumps and a gate provided which 
would be kept closed during dry 
weather and opened when the flow ex- 
ceeds the capacity of the dry weather 
pumps. The latter units could be shut 
down during the storm and the flow 
handled by the large pumps only, par- 
ticularly during the spring when con- 
siderable silt may be contained in the 
sewage. The gate could be automati- 
cally controlled but that is hardly nec- 
essary with operators in attendance. 

It is desirable to keep the suction 
well clean. To this end, slotted pipes 
can be provided around the walls just 
above the highest possible water level 
in the well, into which water under 
pressure can be supplied to flush down 
the walls. It may be advisable also to 
provide for hosing the suction well 
floor between the suction pipes to pre- 
vent an objectionable accumulation of 
solids there. It is also a good idea to 
install a fan for changing the air in 
the suction well when the operator 
must enter it. The fan is also useful 
for changing the air when objection- 
able odors develop due to washing of 
the walls or flushing out of aeeumula- 
tions of solids. 


Horizontal vs. Vertical Pumps 


It is very desirable but not impera- 
tive so to locate the pumps that they 
will be self-priming at least at the 
higher sewage levels in the suction well. 
With a dry pump pit alongside the 
well, this can be accomplished by using 
either horizontal or vertical units, ir- 
respective of the range of the level in 
the well. 

Although small horizontal units are 
cheaper than vertical, and more con- 
venient to service, this is a situation 
where vertical units are believed well 
worth considering. They can be ac- 
commodated in a smaller pump pit; the 
motor gets better ventilation and per- 
haps better attention when located at 
ground floor level; there is always some 
risk of inundation of the motors of 
horizontal units when installed at the 
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bottom of the pit, due to accidental 
flooding. 

In comparing vertical and horizontal 
pumps, it may be pointed out that 
where there is a suction lift, it is the 
same over the whole face of vertical 
pump impellers, but increases from the 
bottom to the top of the impellers of 
horizontal pumps. This is probably of 
minor importance but it is certainly 
not an advantage in favor of the latter. 

The writer has been responsible for 
the design of one or two small plants 
with submerged vertical pumps, the 
motors being installed on the floor 
above. These are cheap self-priming 
installations but are not considered en- 
tirely satisfactory. 

In two other designs, horizontal 
pumps were placed on the floor over 
the suction well. This is also less ex- 
pensive than installing the pumps in 
a dry well alongside the suction well 
and is, of course, permissible only when 
the supply sewer is not laid very deep. 
There are, however, several disadvan- 
tages to this arrangement. In the first 
place, priming facilities must be pro- 
vided and there is usually some trouble 
from objectionable odors on the oper- 
ating floor. Moreover, there may be 
some risk eventually of the floor being 
flooded by surge from the supply 
sewers, due to sudden failure of power. 

Presumably, if the drainage area 
tributary to the plant is completely 
sewered and built up, it should be prae- 
ticable to determine the surge fairly 
closely. But granting this, and it is 
a great deal to take for granted, how 
can one be sure about the future with 
probable changes in the character of 
the watershed and in the arrangement 
of the trunk sewers? 

Raising the pump room floor, thereby 
inereasing the suction lift, is not al- 
ways a satisfactory solution. It has 
been the writer’s experience that trou- 
ble with pumps due to pitting, noise 
or vibration is usually associated with 
comparatively high suction lifts. 

As already intimated, where the suc- 
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tion lift is too high to locate the pumps 
at ground floor level, vertical units set 
in a separate dry pit with their motors 
on the ground floor are preferred over 
horizontal pumps. Horizontal units 
ean be used but they require a larger 
pit and ventilation is not as good. The 
pumps should preferably be set low 
enough to be self-priming at the higher 
permissible levels in the suction well. 
If the pumps and piping will drain 
back into the well at about the lowest 
level therein, so much the better. A 
sump should be provided in the pump 
room floor into which all leaks and 
drips are piped. The sump can best 
be cleared by a small sump pump or, 
as second choice, by a small pipe from 
the suction of the main pumps. 


Provision for Pumping Tests 

If economically feasible, provision 
should be made in the design of the 
station for measurement of flow. <A 
constant record of pumpage data is 
indeed valuable and, in addition, the 
metering facilities are useful for the 
determination of capacities and over all 
efficiencies of the pumps when installed 
and periodically thereafter. In low 
head plants, a V-notch or other type 
of weir will suffice; where the head is 
high, a venturi meter is best. If a 
meter is used, it should be of a type 
that is conveniently maintained, as 
erease or other foreign matter may in- 
terfere with its operation. There is no 
better way to check the service being 
given by pumps than by measurement 
of capacity and by occasional efficiency 
tests. 

As it is usually difficult to maintain 
a constant head during tests, a series 
should be run at different heads to per- 
mit plotting of at least part of the 
head-capacity characteristic. Where it 


desired to run for some time at con- 
stant head, this can be closely attained 
by providing for the return of part of 
the discharge to the suction well, con- 
trolled either by hand or by a float 
operated valve, or in low head plants, 
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by a hinged weir. In most layouts it is 
easier to conduct such a test during a 
moderate rain. 


Sewage Pumps 


The pumps themselves are, of course, 
of primary importance. The first sew- 
age pumps in the writer’s experience 
were of the open impeller type and not 
only were they low in efficiency, but 
they were subject to very frequent 
clogging when handling unscreened 
sewage. These pumps were vastly im- 
proved so far as the elimination of clog- 
ging was concerned when the client had 
new impellers cast with fewer vanes 


and they worked fairly well with 
screens having openings of 214 in. 


ahead of them. 

Montreal has been pumping sewage 
for a lifetime at several plants, and 
the sewage from the downtown manu- 
facturing districts is difficult to handle. 
The writer has had quite a lot to do 
with Montreal sewers and has learned 
a good deal about pumping sewage 
from Mr. Frank Dowd, who had charge 
of the old open impeller pumps in these 
stations. Mr. Dowd practically rebuilt 
these pumps and, old-fashioned as they 
were, eventually made them practically 
non-clogeing when handling unscreened 
sewage. 

Fifteen or twenty years ago; the in- 
stallation of one 20-in. and three 14-in. 
Woods trash pumps, or pumps of this 
type, was recommended. It is con- 
sidered that these pumps have done a 
satisfactory job handling unscreened 
sewage. The rated capacity of the 
20-in. unit is 40 ¢.f.s. at 25 ft. and, al- 
though it has done well in the inter- 
mittent service required of it, the ve- 
locity head is really excessive. 

The city has since that time installed 
many pumps of this type for comfort 
stations and subways. 

There is considerable doubt in the 
mind of the writer as to the best way 
of handling some features of pump 
specifications. At any rate, the usual 
characteristics are requested when 
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pumping clear water. These charac- 
teristics apply also when pumping 
storm water and closely enough when 
pumping sewage of any kind so long 
as no clogging occurs. 

Although a high efficiency is desira- 
ble it is, of course, not nearly so impor- 
tant as reasonable freedom from clog- 
ving, because the first duty of the plant 
is to give continuous service. It is dif- 
ficult to define freedom from clogging 
in a specification at all definitely, be- 
cause the pump manufacturer natu- 
rally expects full information on the 
character of the sewage before he will 
euarantee uninterrupted service. The 
writer’s practice is to supply prospec- 
tive bidders with full particulars of the 
contributing system of sewers and of 
the tributary area and all that is 
known about the sewage. 

The bidders are required to give, in 
effect, a guarantee of the performance 
of the pump with respect to freedom 
from clogging in terms of the number 
of cloggings during the first year’s 
service. The clogging must be suffi- 
ciently serious that the pump must be 
opened up to correct it. There is also 
a clause covering rejection if the fre- 
queney of clogging is excessive during 
the first two months. 

One can, of course, make a pretty 
eood guess at what the pump will do 
from a careful examination of the de- 
tails of its design. Usually records are 
available of pumps in service under 
somewhat equivalent conditions and it 
is best, if there is doubt, to check in 
detail on such operating installations. 

Be sure to examine the tributary 
area carefully because there is a great 
difference in the character of sewage 
from different areas sewered on the 
combined plan. As for sewage from 
purely residential areas compared with 
that from some manufacturing dis- 
tricts, they differ so vastly from the 
point of view of pumping that it seems 
scarcely in order to apply the same 
name to them. 

Single suction pumps are preferable 
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for comparatively small capacities be- 
cause of the larger passages through 
the pumps. 

As to wearing rings, the writer in- 
sists on plain rings set in finished re- 
cesses in the casing. The clean pres- 
sure water supply is piped to small 
channels cored out of the casing be- 
hind the stationary rings, and when 
the pressure is turned on the water 
passes through one or more small holes 
in the stationary ring to clear the space 
between the stationary and moving 
rings. The water should be turned on 
when starting up, occasionally while 
running, and for several minutes after 
shutting down. Such flushing water 
supply should not involve a cross con- 
nection with any drinking water sup- 
ply. 

The efficiency of some open impeller 
pumps is surprising, at least when they 
are new. The pumps referred to have 
bronze impellers with their edges run- 
ning close to smooth bronze side plates. 
In such pumps it is_ possible that 
stringy materials and other solids are 
thrown against the side plates and cut 
up there by the edges of the vanes. 
The good efficiency is no doubt due to 
the very close clearances between the 
edges of the impeller and the side 
plates, which reduces the slip, and to 
the friction at the smooth side 
plates. The side plates, moreover, are 
replaceable and therefore a good idea 
where the sewage carries considerable 
silt. 

Some less important details of pump 
specifications follow : 


low 


1. Impellers should be machined 
smooth on the outside, and where inac- 
cessible for machining, made smooth 
by filing or otherwise. Bronze impel- 
lers are usually best but cast iron im- 
pellers often give good service. 

2. Shaft sleeves may be of bronze or 
stainless steel. 

3. Where exposed to the sewage, a 
cast iron stationary sleeve should be 
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installed to keep stringy material from 
wrapping around the shaft. 

4. Exterior of bearing shells should 
be ground to fit the bearing brackets 
or pedestals. 

5. Large handhole plates should be 
required to permit inspection of the 
interior of the pump and to permit 
cleaning at the suction and at the im- 
peller if and when required. These 
access ports are rarely large enough or 
placed to the best advantage. 

6. The pump bearing pads should be 
machined to rest on machined surfaces 
on the bedplate. 

7. Starting screws should be pro- 
vided to break the casing from its seat, 
at least when the pumps are fairly 
large. 

8. The seats of bolt heads, nuts and 
washers should be machined. 

9. Nuts used in ordinary dismant- 
ling should be hexagonal and machine 
finished. 

10. The pump easing should be able 
to withstand at least 150 per cent of 
the shutoff pressure of the pump. 


Suction and Discharge Piping 


It is desirable to carry the suction 
pipes down as close to the floor of the 
well as possible without creating un- 
reasonable entrance losses. Obviously, 
the longer the periphery of the suction 
inlet, the closer it can be to the floor. 
A bell mouth is the best way to accom- 
plish this end. 

Where neither screens, comminutors, 
nor shredders are used ahead of the 
pumps, however, or where screens of 
fairly coarse openings (214 in. or 
more) are adopted, some provision 
should be made to minimize the risk of 
long, partially waterlogged sticks be- 
ing carried into and up the suction, 
possibly to damage the impeller. Such 
a risk is, of course, not great but the 
writer has known of a 48-in. and a 54- 
in. pump being damaged in this way. 

Whether or not the pumps are self- 
priming, foot valves should not be 





March, 1946 


used. For that matter, the fewer the 
valves the better. Where valves must 
be used, it may be worth while to tap 
the bottom of them for pressure water 
pipe connections to clean out the recess 
for the seats if and when required. The 
same provision can be adopted for 
swing check valves. 

There is some advantage to allowing 
sewage to run back through the pump 
for a short time when it stops. Where 
the discharge line is short, and the head 
low, this can quite often be arranged 
by installing a so-called siphonic dis- 
charge. That is to say, by installing 
the discharge pipes with their crowns 
above the high water level of the re- 
ceiving conduit or body of water but 
with the actual discharge openings be- 
low the low water level. To prevent 
back siphonage, a solenoid operated 
valve is installed on the crown of each 
discharge, which valve is electrically 
opened when the power is shut off the 
pump, and closed when it is turned on. 
Soon after stopping, the pump will re- 
verse its direction of rotation for a 
short time, which helps to clear the im- 
peller, particularly if of the open type, 
of such things as rags. This arrange- 
ment has been found quite worth while, 
particularly in automatie stations. Ob- 
viously, the design of the arrangement 
should insure against too high a re- 
versal speed. 

Where for any reason check valves 
are necessary or desirable on the dis- 
charge of each pump, and there is an 
operator in attendance, the same 
scheme can be adopted by providing a 
hand operated gate on a by-pass around 
the check. 

The writer has always used discharge 
pipes of such a size that the velocity is 
high enough to keep the crowns clear 
of air, expanding gradually at the pipe 
outlets to recover most of the velocity 
head. The pipe crowns can be posi- 
tively kept free from air, of course, by 
connecting them to a tank freed by an 
automatic air pump. 

When the pumps are connected to a 
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common discharge and where horizon- 
tal units are set on a floor over the 
suction well, piping losses may be mini- 
mized by using bottom suction, side 
discharge pumps with their shafts at 
45 degrees to the longitudinal axis of 
the room. The main discharge line can 
be laid on the floor against the wall and 
each pump discharge run straight into 
it at 45 degrees. This affords plenty 
of room to expand gradually the indi- 
vidual discharges before the junctions, 
and permits the use of 45-degree bends 
and Y branches instead of elbows and 
tees. 

Where horizontal units are used in 
a chamber alongside the suction well, 
f end suction, side discharge pumps 
are adopted, their discharge piping can 
be arranged in the same way, and their 
suctions run straight through the wall 
into the well. This of course, necessi- 
tates a walkway over the suctions with 
steps to the floor between the units. 
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The piping of many vertical units can, 
of course, be arranged in the same way 
as for horizontal units. 

The writer has been informed, on 
what is believed to be good authority, 
that where an elbow has to be placed 
immediately on the pump discharge, 
and it is desired to increase the pipe 
size, the loss will be less if the elbow is 
kept the same size as the pump nozzle 
and an increaser used, instead of em- 
ploying an increasing elbow to dispense 
with the increaser. 

A pump should not be fixed in its 
permanent position before the flanged 
the suction and discharge 
nozzles have been made up. This pre- 
caution should be observed because 
otherwise pipe fitters may 
spring the casing enough to bind the 
shaft, in attempting to bring piping 
into alignment. This admonition does 
not apply, of course, if a Dresser or 
Victaulic coupling intervenes. 


joints on 


careless 











A CRITICAL REVIEW OF THE LITERATURE OF 
1945 ON SEWAGE AND WASTE TREATMENT 
AND STREAM POLLUTION 


By W. Rupo.rs, Chairman, H. E. 
H. A: Faser, A. L. 

F. W. Monuman, C. 

I. 


Committee on Research, Section A, 

The anticipated increased volume of 
research literature as a result of the 
termination of the war in 1945 
naturally not yet reflected in this re- 
view. The number of references has 
remained surprisingly constant in re- 
cent years. 

The large numbers of papers dealing 
with construction during the earlier 
war years have been replaced by opera- 
tion reports, while papers and reports 
on basie research have continued to be 
limited extent. Al- 
discussion has 


1S 


published to a 
though considerable 
taken place regarding diseases caused 
by sewage, the number of papers pub- 
lished does not reflect many studies. 
The effect of war production plants 
discharging large volumes of wastes to 
the receiving waters and sewage treat- 
ment processes remained noticeable. 
The greatly increased industrial 
tivities, together with a general relax- 
ation of enforcement agencies, has left 
the streams in a generally poorer con- 
dition than before the war. These con- 


ac- 


ditions are well recognized by offi- 
cials and the public at large. This ‘s 


indicated by the large number of new 
and revised stream pollution laws in- 
troduced into the federal and _ state 
legislatures. A survey shows that new 
legislation and changes in enforcement 
acts or changes in rules and regula- 
tions to tighten up existing laws, were 
introduced in 38 states during 1945. 
Similar activities and considerable dis- 
cussion took place in England, reflect- 
ing the attitude in that country. Per- 
haps one of the most significant de- 
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velopments has been the awakening of 
industries in connection with stream 
pollution. Co-operation between vari- 
ous industries to solve common prob- 
lems, special programs to abate pollu- 
tion, the recognition of needed research 
instances, and the working 
together with enforcement agencies 
rather than against them, should 
eventually result in cleaner streams. 
During the year an unusually large 
number of papers pertaining to stream 
pollution were published, particularly 
surveys of streams. 

The simple sedimentation of sewage 
solids still requires basic work. Sev- 
eral papers have appeared which sum- 
marize existing knowledge and empha- 
size the effect of turbulence encoun- 
tered in various types of tanks. 

Studies on standard and high rate 
filters include work on the flora and 
fauna present and comparisons of the 
biochemical and biological character- 
istics of such filters. In general, it ap- 
pears that the organisms responsible 
for purification and the biochemical 
changes taking place during purifica- 
tion are of the same type, no matter 
whether the purification occurs in a 
stream, standard high rate filters 
or activated sludge process, but that 
the numbers of organisms and _ their 
activities are modified by changing the 
environmental conditions. Changes in 
environmental conditions in turn affect 
the degree and rate of purification. 
The remarkable renewal of interest in 
biological treatment processes will un- 
doubtedly result in further progress. 


in many 


or 





casi 
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The published results indicate the di- 
rection these improvements will take 
within the next few years. 

More information on the prevalence 
and numbers of organisms in high rate 
filters, as compared with standard fil- 
ters and those occurring in activated 
sludge, have aided in obtaining a 
clearer picture of the complex phe- 
nomena involved. Descriptions of op- 
eration and results obtained by the 
activated sludge process serve as an 
aid to operators. 

The renewed interest in biological 
treatment has forced chemical treat- 
ment still further into the background. 
The studies reported are primarily in 
connection with operation. Although 
mechanization of sewage’ treatment 
processes continues, apparently there 
will be no radical changes in the im- 
mediate postwar era. Mechanization of 
treatment plants is not a question of 
short-time development, but is brought 
about gradually and depends frequent- 
lv upon trends in treatment as well 
as upon new processes and variations 
of existing processes. Nevertheless, im- 
provements which may not be con- 
sidered radical changes continue to ap- 
pear. 

Papers on sludge digestion have been 
concerned mainly with operation. The 
investigations of benefits and disad- 
vantages of thermophilic digestion on 
a plant seale are of interest, particu- 
larly to existing overloaded plants. 
Methods of obtaining supernatant 
liquor of good quality and special treat- 
ment of supernatant liquor continue to 
be of interest. 

Sludge treatment other than by 
digestion has followed previous proce- 
dures. No information has been pub- 
lished showing that sludge condition- 
ing other than by chemicals and elutri- 
ation are to be expected in the near 
future. There seems to be a trend to- 
wards simplified sludge disposal and a 
renewed interest in disposal of sludge 
together with garbage. 

Chlorination for disinfection, odor 
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control, reduction of B.O.D. and, to a 
limited extent, for process control, has 
been continued. No studies on basic 
principles and specialized applications 
have been noted. It is understood that 
before lone a series of fundamental 
studies will be undertaken by various 
laboratories. 

The treatment and disposal of in- 
dustrial wastes remains of paramount 
importance. The population equiva- 
lent of pollution caused by industrial 
wastes has rapidly increased, without 
equivalent progress in treatment. Sev- 
eral very good and illustrative papers 
have appeared during the year, indi- 
cating progress, but much _ research 
and experimentation remains to be 
done before the problem is solved. The 
various trade organizations, by spon- 
soring research and co-operating with 
governmental bodies, can be important 
factors in the solution, provided the in- 
terest of these trade organizations is 
maintained in solving the pollution 
problems for which the industries are 
responsible. 

Analytical procedures for the ex- 
amination of sewage and _ industrial 
wastes are important for determining 
the efficiency of treatment processes 
and enforcement of the laws. The new 
edition of ‘‘Standard Methods,’’ which 
is to appear in 1946, will undoubtedly 
aid the laboratory worker. There is, 
however, a continuing need for im- 
proved and simplified methods to be 
used by plant operators and a need for 
workable methods in connection with 
various industrial wastes. The papers 
published during the vear are princi- 
pally concerned with modifications of 
existing methods. The development of 
micro-analytical methods for sewage 
analysis is of interest to research 
workers. 

In presenting the annual review, the 
Research Committee wishes to call at- 
tention to the fact that the review is 
not a complete enumeration of all 
papers published during the year on 
the subject, but a more or less critical 








246 


review of the science and progress of 
the art. The committee welcomes com- 
ments, criticisms and suggestions for 
improvement of the review. 


General 
Sewage and Disease 


A residual of 0.4 to 0.5 
chlorine after 10 min. of contact was 
insufficient to inactivate certain strains 
of poliomyelitis virus according to 
Trask, Melnick and Wenner (207). 

Some risks of transmission of dis- 
ease during treatment, disposal and 
utilization of sewage, sewage effluent 
and sewage sludge are discussed by 
Wilson (223) in a comprehensive re- 
view. Organisms which may be found 
in sewage and sludge are those causing 
cholera, typhoid, Bilharzia, intestinal 
parasitic flat worms, hookworms, amoe- 
bic dysentery and poliomyelitis. The 
author draws the following conclusions : 
(1) Pathogenic micro-organisms and 
eges and larvae of parasites survive in 
sewage and sludge but do not multiply 
because of the unfavorable conditions, 
(2) A progressive diminution of all 
forms of bacteria takes place in sew- 
age with increasing degree of treat- 
ment, (3) There is a concentration of 
all types of bacteria, eggs and ova of 
parasites in the sludge. (4) The 
danger of pathogenic bacteria and ani- 
mal parasites is in proportion to the 
numbers present in the original sew- 
age. The author considers irrigation 
with raw or settled sewage objection- 
able and not permissible on crops used 
for human and animal consumption. 

Stokes, Jones and Miles (193) un- 
dertook experimental work to deter- 
mine the viability of certain patho- 
genie bacteria during drying and 
digestion of sludge. Bact. paratypho- 
sum B and Bact. typhi murium were 
artifically added to sludges in great 
numbers. When added to sludge and 
applied to experimental sand drying 
beds the latter organisms could be re- 
covered after 180 days. During the 


p.p.m. of 
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digestion of fresh solids with ripe 
sludge the same organism could be re- 
covered up to 45 days. 


Biology of Trickling Filters 


Tomlinson and Stride (204) enu- 
merate the different species of fly popu- 
lation trapped from the filters at sev- 
eral plants in England. Psychoda was 
the most prevalent followed by Spanio- 
toma. The seasonal succession of the 
various flies is given. The numbers 
of Psychoda as well as the quantity of 
film increased with filter loading. 
More Psychoda emerged from the 
coarser sized filter media than from 
the finer media. Fewer Psychoda 
emerged from alternating double fil- 
ters than from a single filter. 

Llovd (138) gave a comprehensive 
and critical review of the information 
available on the role, incidence, ecology 
and types of animal life in sewage 
purification processes, with particular 
emphasis on trickling filters and the 
activated sludge The same 
author (139) states that trickling’ fil- 
ters are a very favorable environment 
for insects due to the abundant air and 
food supply. The insect fauna is char- 
acterized by a great number of a rela- 
tively few species which colonize the 
Out of one hundred 


process. 


bed successfully. 
different species encountered 99.7 per 
cent belong to six species. 


Role of Micro-organisms in Floc For- 
mation and Sewage Purification 
Hardin (85) states that certain 

flagellates have the ability to flocculate 
various bacteria when grown in culture 
media. Watson (221) suggested a pos- 
sible mechanism for such flocculation as 
brought about by protozoa. He stated 
that in the case of a certain ciliate, 
mucus is produced to which bacteria 
adhere before being digested. The 
mucus, not being diffusible, remains in 
the neighborhood of the ciliate and the 
increase in the viscosity of the medium 
causes the entanglement and floccula- 
tion of bacteria. 
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Pillai and Subrahmanyan (166) iso- 
lated the protozoan Epistylis from 
aeration tanks and purified it free of 
bacteria. When introduced into sterile 
medium and aerated, it was at least as 
active in purifying sewage as normal 
activated sludge. They concluded that 
aerobie purification of sewage is essen- 
tially due to the protozoan activity and 
that bacteria play only a secondary 
part. 

Viehl (213) conducted laboratory ex- 
periments on the purification of sew- 
age under aerobic and anaerobic con- 
ditions. His findines are in line with 
similar studies reported earlier; name- 
ly, that when the surface is exposed 
the B.O.D. reduction is faster and 
hydrogen sulfide production is less than 
in Closed bottles. Septic sewage 
should, therefore, not be placed on 
biological filters. 

Sewer Corrosion 

Ilammerton (84) emphasized the 
role played by the chemical character- 
water in relation to sewer 
corrosion. He classified water with less 
than 300 p.p.m. sulfate as one of low 
risk of sulfate attack and water con- 
taining 1,000 p.p.m. or more of high 
risk. He further reviews and discusses 
the remedial and preventive measures 
such as control of hydrogen sulfide pro- 
duction, surface coatings and ventila- 


istics of 


tion. 

Pomeroy (168) 
problems of iron when exposed to sew- 
age and other liquids containing dis- 
solved sulfides. He gives analyses of 
the corrosion products which show a 
high percentage of iron and sulfur, the 
former being in excess, indicating that 
not all the iron is present as sulfide 
but that some of it is present as oxide. 
The corrosion products are bulky and 
hard. Iron structures in sedimentation 
and sludge digestion tanks are subject 
to corrosion by sulfides, as are sewer 
outfall pipes of iron carrying septic 
sewage. 


Several 


discusses corrosion 


reasons are advanced for 
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sewer ventilation by Pomeroy (167), 
which -might be summarized: (1) to 
eliminate lethal or explosive gases from 
the atmosphere, (2) to reduce cor- 
rosion, (3) to prevent escape of odors. 
The author states that while ventilation 
is not a cure-all, it has a broader field 
of usefulness than is generally realized. 

Parker (163) isolated a bacterium, 
which he named Thiobacillus concretiv- 
orus, from the corrosion products of 
concrete exposed to atmospheres con- 
taining hydrogen sulfide. This organ- 
ism is similar to Thiobacillus thiooxi- 
dans. It is an autotrophic organism, 
capable of deriving its energy from 
the oxidation of sulfur and utilizing 
carbon dioxide as a source of strue- 
tural carbon. It produces sulfuric 
acid in culture medium in high con- 
centration (10 per cent). It does not, 
however, utilize hydrogen sulfide. The 
activity of this organism would explain 
the production of sulfuric acid in the 
corrosion process provided free sulfur 
is first formed from hydrogen sulfide. 
In a second paper (164) the author 
undertook painstaking laboratory proof 
of the part played by Thiobacillus con- 
cretivorus in pure culture in the cor- 
rosion of concrete. An atmosphere of 


water vapor, H.S and ammonia was 
aspirated over an inoculated cement 


block. After six weeks’ exposure to 
this atmosphere the inoculated block 
began to show signs of corrosion and 
about 75 per cent of the hydrogen sul- 
fide supplied was removed and sulfates 
were formed. The initial conversion 
of hydrogen sulfide to sulfur may be 
non-biological. 


Analytical Procedures 

The Ninth Edition of ‘‘Standard 
Methods for the Examination of Water 
and Sewage’’ is nearing the publica- 
tion stage. A summary of recom- 
mended changes by the committees, 
which was edited by Norton and Sy- 
mons, appears in a current issue of the 
American Public Health Association 
Journal (145). The changes consist 
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of simplification in the arrangement 
and presentation of subject matter as 
well as the deletion of old and the 
adoption of new methods. 

In the field of disinfection, Halli- 
nan’s (82) ortho-tolidine-arsenite test 
for differentiating among a free chlo- 
rine, chloramine and false residual was 
confirmed and modified. Gilcreas and 
Hallinan (76) and Gilereas (75) pre- 
sent supplementary data on the ortho- 
tolidine-arsenite (O.T.A.) test in con- 
junction with the regular ortho-tolidine 
(O.T.) test. A weak solution of sodi- 
um arsenite is added fifteen seconds 
after the addition of ortho-tolidine. to 
destroy chloramine compounds. The 
ortho-tolidine color is therefore caused 
by the free or active chlorine and the 
interference due to manganese or ni- 
trite. A second sample is first treated 
with sodium arsenite to destroy all free 
or combined ehlorine before ortho- 
tolidine is added. Any ortho-tolidine 
color in the second test is a blank or a 
measure of the amount of interference. 
The first, or flash test, minus the blank, 
is the true or active residual chlorine. 
If a third ortho-tolidine test is made 
without sodium arsenite, the subtrac- 
tion of the active chlorine residual and 
interferences will yield the ‘‘chlora- 
mine’’ residual. Hirsch (104) simpli- 
fies the procedure by determining a 
flash (15-see.) reading and a 5-min. 
ortho-tolidine reading of the inter- 
ference plus active chlorine, and the 
interference plus active chlorine plus 
combined chlorine, respectively. The 
amount of interference is determined 
separately, using double strength sodi- 
um arsenite prior to ortho-tolidine. 
The magnitude of the interference was 
suggested as being of value in judging 
the quality of sewage plant effluents. 

In studying the application of oxi- 
dation potential measurements in de- 
termining the concentration of germi- 
eidally active chlorine in water, Chang 
(47) concluded that although consis- 
tent and characteristic potentials were 
frequently observed at the cysticidal 
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point for gaseous chlorine and chlora- 
mines in tap water, irregular potentials 
were usually obtained in raw water. 
Evaluation of thé significance of the 
oxidation potential of a chlorinated 
raw water was not attempted in view 
of the complicated oxidation-reduction 
systems that exist, the uncertainty of 
the reversibility of these systems, and 
the presence of dissolved oxygen. 

In a Standard Methods Committee 
report, Mallmann (141) reviewed the 
developments in bacteriological meth- 
ods and techniques. Streptococcus fe- 
calis was detected on a new medium 
found to be specific for these organ- 
isms. <A further evaluation of E. C. 
medium for coliform organisms was 
also reported. 

Nielson (160) reviewed the develop- 
ment and predicted greater use of elec- 
tronic instrumentation for measure- 
ment and control in water supply and 
sewage treatment. The Symposium on 
Analytical Colorimetry and Photom- 
etry, presented at the 47th Annual 
Meeting of the American Society of 
Testing Materials, has been published 
in booklet form (75 pages), and_ is 
available at $1.00 per copy (4). <A 
Klett-Summerson photometer was used 
by Noll (161) for the determination 
of nitrate in boiler water by Brucine 
reagent. <A calibration chart was pre- 
pared from brucine-treated solutions 
containing 0 to 10 p.p.m. nitrate nitro- 
gen. The light source passed through 
a 470 millimicron color filter, then 
through a 13-mm. diameter test tube 
containing the brucine-nitrate blue 
color, onto the photocell. The Brucine 
reagent appeared stable for months. 
The brucine-nitrate color developed 


rapidly and remained stable for over 


an hour, and the presence of high 
concentrations of soluble boiler water 
ions did not interfere. The method 
was accurate to approximately 0.1 
p.p.m. nitrate nitrogen. A photo-elec- 
tric photometer was also used by Ad- 
ams and St. John (2) for the colori- 
metric determination of potassium as 
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chloroplatinate. The method was re- 
liable and convenient. <A precision of 
2 per cent was obtained with samples 
containing 0.2 mg. of potassium or 
more. 

By increasing the quantity of iodide 
in the Winkler method for determining 
dissolved oxygen, Pomeroy and Kirsch- 
man (169) claimed diminished inter- 
ference due to organic matter, reduced 
loss of iodine vapor, and a sharper 
starch-iodide end-point. They recom- 
mend that the hydroxide-iodide solu- 
tion, which is usually 12.5 N in alkali 
and 0.9 N in iodide, be replaced by one 
which is 10 N in sodium hydroxide 
and 6 N in sodium iodide. Additional 
data is desirable to (a) justify the in- 
creased cost of reagents for the in- 
creased accuracy achieved and (b) 
clarify the extent of iodide decomposi- 
tion when concentrated sulfuric acid 
is added to the iodide enriched sample 
prior to titration. 

In the benzidine method of sulfate 
analysis, the factors governing occlu- 
sion and incomplete precipitation have 
been investigated by MeKittrick ‘and 
Schmidt (148). A procedure has been 
developed that gives results correct to 
within 0.5 per cent when 2.5 to 10 
p.p.m. sulfate ions are precipitated. 

A referee committee on Standard 
Methods of Sewage Analysis for the 
determination of grease reported (89) 
on a comparative study of three current 
procedures. Each procedure had cer- 
tain advantages and disadvantages over 
the others. The referee committee de- 
fined erease as, ‘‘that material which 
is extracted from an acidified sample 
of sewage by petroleum ether (b.p. 40° 
(. to 60° C.) when using the standard 
procedure as outlined by the commit- 
tee.”’ The standard procedure as 
agreed on by the committee is given 
in detail and consists of the refrigera- 
tion method combined with a wet ex- 
traction of the filtrate, if necessary. 

Hirsch (103) modified the aluminum 
dish method for determining the sus- 
pended solids in aeration tank liquor 
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by omitting the dish. The tared weight 
of a previously dried paper filter is re- 
corded on the bottom of the paper. A 
sample of aeration liquor is filtered, 
the paper peeled off, dried, and 
weighed. The weight and the subtrac- 
tion of the tare weight are recorded on 
the underside of the filter paper while 
only the result in p.p.m. need be re- 
corded on a data sheet. 

An empirical index for determining 
the efficiency of primary sedimentation 
consisting of the sum of the p.p.m. of 
suspended solids in the primary tank 
effluent and the percentage of sus- 
pended solids remaining in the effluent, 
was reported as being of value by 
Doman (55). An index below 110 was 
considered satisfactory in most eases. 

Dawson and Jenkins (53) developed 
micro-analytical methods for the ex- 
amination of sewage. Techniques are 
deseribed for ammonia, nitrite, and ni- 
trate nitrogen, phosphorous, dissolved 
oxygen and B.O.D. Glass stoppered 
bottles, having a capacity of 3 to 4 
ml., were used for D.O. and B.O.D. 
determinations. This interesting ap- 
plication was discussed by Hatfield 
(53) who indicated the difficulty of 
obtaining micro-representative samples 
on such a heterogeneous material as 
sewage. 

The water flea, Daphnia magna, was 
proposed by Anderson (5) as a con- 
venient and reliable test organism for 
determining toxicity thresholds of vari- 
ous substances found in industrial 
wastes. The cultivation of the animals 
and the test procedures are described 
in detail. 

ZoBell and Brown (230) have found 
that toluene, cresols, thymol, carbon bi- 
sulfide and ethyl ether are not de- 
pendable for the chemical preservation 
of water samples. One-half per cent of 
either chloroform or phenol, or 0.25 per 
cent of formic acid were satisfactory, 
although a mixture of 0.5 per cent each 
of chloroform and phenol was pre- 
ferred. Acidifying the water to pH 
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1.5 prevented the activity of most or- 
ganisms. 

McBride and Preston (146) used a 
device for vacuum sampling liquids 
and suspensions. A bottle or flask 
stopper was fitted with a T-tube. A 
pinch clamp was placed on the side 
tube used for evacuating the bottle 
while a greased ground glass stopper 
closed the delivery tube. A number of 
bottles were tied to a pole and lowered 
to the proper depth. The glass stop- 
pers on the delivery tubes were re- 
moved by pulling short lengths of 
string attached to a common string. 


Sedimentation 

Of the comparatively large number 
of papers presented on sedimentation 
during the past year, a considerable 
number were reviews and summaries 
of previous work. Among the best of 
these were those of Tark (196) and 
Merz (149) on design and operation, 
respectively. 

On new developments in the field, the 
papers of Camp (44) (45), Anderson 
(7), and Howland (109) were among 
the best. Camp (45) presented a sum- 
mary of the known principles of sedi- 
mentation essential to the development 
of design theory. His paper is divided 
into ten parts, as follows: (1) settling 
velocities of individual particles; (2) 
nature of settling processes in water 
and sewage treatment; (3) settling 
analyses of suspensions; (4) clarifica- 
tion theory for an ideal basin—a. ‘‘ For 
any given discharge, the removal is a 
function of the surface area and is in- 
dependent of the depth of the basin.’’ 
b. ‘‘The concentration of suspended 
matter at any cross-section in the set- 
tling zone increases with the depth be- 
low the surface, and decreases with the 
proximity of the cross-section to the 
outlet end of the basin’’; (5) tractive 
foree and bedload movement; (6) 
effects of turbulence on sedimentation ; 
(7) floceulent suspensions—in which 
the author concludes that the additional 
flocculation caused by turbulence in 
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the tanks may speed up the settling to 
a greater extent than turbulent mixing 
retards it and that increased removal 
should be expected from tanks with 
higher velocities than are commonly 
used; (8) overflow rate, detention pe- 
riod, velocity, and tank dimensions; 
(9) short cireuiting and stability. 

The author presents a tentative de- 
sign for a settling tank based upon the 
principles developed in his paper. It 
is of the multiple tray type. For final 
settling tanks in the activated sludge 
process he recommends the elimination 
of the dividing wall between aeration 
tank and settling basin. 

Anderson (7) describes certain ‘‘den- 
sity currents’’ found in the final set- 
tling tanks of activated sludge plants 
where the mixed liquid from the aera- 
tion tanks, when introduced in the 
settling tank, drops to the bottom 
because of its greater density, flows 
along the bottom just above the sludge 
blanket and is deflected upward by the 
opposite end wall, thereby inducing a 
counter current in the upper levels 
back towards the influent end. All at- 
tempts to prevent this current by the 
use of baffles were fruitless. It was, 
therefore, decided that the customary 
method of placing the effluent weirs at 
the far end of the tanks is unwise, as 
in this position they are directly in the 
path of this density current. It is 
suggested that they be placed further 
forward towards the influent end. It 
is the author’s opinion that the over- 
flow rate for such weirs should not ex- 
ceed 20,000 g.p.d. per ft. of weir. In 
reference to depth he suggests that, in 
veneral, (a) for circular tanks with 
central inlet, the radius should not ex- 
ceed about five times the side water 
depth; (b) for rectangular tanks the 
flow length should not exceed about 
seven times the depth; and (c) the 
depth below the effluent weirs should 
be not less than ten feet or twelve 
feet, depending on whether the weirs 
are located forward or at the upturn 
of the density current, respectively. 
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In reference to inlet design, the mixed 
liquor should be introduced as gently 
or at as low a velocity as possible to 
minimize density currents, and in ref- 
erence to sludge outlets, they should 
be so located at the inlet end to avoid 
moving sludge any greater distance 
than necessary along the bottom. Gould 
(78) in discussing Anderson’s article 
claims that sludge outlets should be at 
the outlet end of the tank since there 
is a prevailing current in the sludge 
blanket along the bottom towards the 
outlet end. Townsend (206) in a later 
discussion, recommends multiple inlets 
and outlets for both liquid and sludge 
to reduce density currents. 

Howland (109) gives formulas and 
charts for simplifying the procedure of 
designing a venturi flume for control- 
ling velocities in grit chambers, as 
proposed by Bushee (42). 

Vokes and Jenkins (214) modified 
one of the upward flow sedimentation 
tanks for settling activated sludge with 
central inlet and peripheral discharge 
to allow the flow to enter horizontally 
at an angle to cause rotation. The 
effluent from the modified tank con- 
tained more suspended solids than 
from the upward flow tank. 

Pépel (170) states that in continuous 
flow settling tanks surface loadings 
should not exceed 2.2 to 2.5 meters per 
hr. Convection currents do not ma- 
terially affect clarification and kinetic 
energy should be destroyed as much as 


possible. 


Chemical and Mechanical Treatment 


Studies on the use of chemicals in 
treating sewage continue. Gehm (68) 
reports that the coagulation of sewage 
with ferrie chloride is not materially 
affected by the addition of digester 
supernatant liquor of good quality. 
Liquors from partly digested sludge 
and fresh solids increase the coagu- 
lant demand considerably when added 
to the sewage. Effluent from sewage 
treated by ferric chloride coagulation 
contains the smallest amount of iron 
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when the optimum clarification is ob- 
tained. The treatment of various types 
of sewage to complete clarification with 
ferric chloride or ferrie chloride and 
lime reduces the chlorine demand to 
about one-third that of the raw sewage. 
A ferric chloride-acid treatment results 
in a reduction of the chlorine demand 
of about one-fourth. 

Keys and Travaini (124), confronted 
with an overloaded activated sludge 
plant at Phoenix, Ariz., made 258 tests 
over a 7-month period to determine the 
effect of chemicals in reducing the con- 
centration of the raw sewage. They 
estimated that if the laboratory results 
could be duplicated in the plant that 
16 m.g.d. of sewage could be treated in 
the plant formerly treating 12 m.g.d. 
These investigators further report on 
methods of producing coagulating 
chemicals in the treatment 
plant. 

Gehm’s (69) work on the chemical 
treatment of soapy waste waters may 
be helpful to sewage treatment plant 
operators who are troubled with ex- 
cessive amounts of soapy wastes. The 
experiments show that treatment with 
sea water, spent zeolite softener re- 
agent and mixtures of calcium and 
magnesium salts resulted in a high de- 
eree of clarification and in the forma- 
tion of a curdled sludge. 

Kozma (128) reports on the use of 
ferric sulfates at the Joint Meeting 
sewage treatment plant, Rutherford, 
N. J. It was found that the ferric 
sulfates used are more economical than 
liquid ferric chloride or alum, which 
were previously used at this plant. 

Friel (65) reports that he believes 
that the development of a sewage treat- 
ment plant providing a maximum flexi- 
bility of operational control and usage 
in a combination of chemical and bio- 
logical processes offers many possibili- 
ties in the solution of sewage treatment 
problems which have requirements 
based on highly variable composition 
of sewage to be treated. 


sewage 
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Biological Filters 


Heukelekian (98) (99) (100) (101) 
has reported on studies comparing the 
biochemical and biological characteris- 
tics of a biofilter and a standard filter. 
30th filters harbored much smaller 
quantities of biological film during the 
summer and vertical distribution was 
fairly uniform. In the winter, maxi- 
mum accumulation of film in the stand- 
ard filter was in the top layer while in 
the biofilter it was at the 2-ft. level, 
with a minimum in the top layer. 
Seasonal range of biological film in the 
standard filter was from 8 to 12 lb. 
(dry basis) per cu. yd. of stone and in 
the biofilter it was from 5.5 to 11 Ib. 
Film accumulation on the biofilter was 
stated to be related to the B.O.D. and 
suspended solids loading, but in one 
experimental period, application of the 
entire flow to one filter did not ma- 
terially increase the accumulation. In- 
sect larvae were present in almost equal 
numbers in the biofilter regardless of 
season. A marked seasonal difference 
occurred in the standard filter. Analy- 
ses for ash, B.O.D., grease and nitro- 
gen indicate the biofilter film to have 
a greater stability with depth. The 
nitrogen content of the biofilter film 
was highest, corresponding to a_ pro- 
tein content of from 45 to 50 per cent. 
Temperature and loading were found 
to be predominant factors in determin- 
ing the biochemical character of films. 
Sludge collected from the secondary 
clarifier of the biofilter was less stable 
than films from the lower levels, indi- 
eating that a part of the sludge came 
from sloughings from the higher levels. 
The numbers of ciliates, flagellates and 
rhizopods were practically the same for 
both filters. The biofilter acts as an 
oxidation device as well as a ‘‘colloid- 
er.’’ The biofilter gave a variable out- 
put of nitrites and nitrates, with great- 
est production in summer. Nitrifying 
organisms were found to be present in 
the biofilter film at all times, regardless 
of oxidized nitrogen concentration in 
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the final effluent. Film from the top 
two feet of both filters had the highest 
nitrifying capacity as determined by 
aeration tests with sewage for 24 hours. 
These findings support the view that 
nitrifying organisms are not adversely 
affected by carbonaceous oxidation and 
ean exist where the B.O.D. of the film 
is high, provided that aerobie condi- 
tions prevail. The biofilter produces 
a higher ratio of nitrites to nitrates 
than does the standard filter, which 
indicates that the nitrate formers are 
less firmly established in the former. 
The difference between the standard 
and biofilter is quantitative rather 
than qualitative. Primary tanks were 
found to act as oxidative devices, in 
accordance with previous reports, when 
the filter effluent was being recirculated 
through them and when the tempera- 
tures were favorable. Bacterial re- 
movals in the biofilter system were 
quite variable. Good removals of coli- 
form organisms were common, but total 
counts in the final effluent often ex- 
ceeded total counts in the primary tank 
effluent, particularly in the winter. 
The biofilter showed much greater sea- 
sonal variation in percentage of B.O.D. 
and suspended solids removals. 
Additional reports on the use of 
alternating double filters come from 
Eneland. Mills and Calvert (152) re- 
port on the conversion of standard fil- 
ters to an alternating double filtration 
system to handle an increased loading 
of camp sewage and laundry waste at 
a considerable savings in capital in- 
vestment. Results of operation were 
entirely satisfactory; B.O.D. was _ re- 
duced from 325 to 4.5 p.p.m. and oxy- 
ven consumed from 57 to 9 p.p.m. 
Hunter (111) presents information 
on the operation of enclosed aerated 
filters during acceptance tests. The 
filters were 18 ft. deep, provided with 
forced downward ventilation, equipped 
with rotary distributors and designed 
for application of 388 gal. per cu. yd. 
per day, approximately 3 times the rate 
of application on standard filters at the 
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same location. Considerable ponding 
of the aerated filters resulted. Coarser 
rock was substituted in the filters but 
ponding still persisted. During 1942, 
seven tons of fungus growths were 
manually removed from the surface, 
and 4.5 tons in 1943. During the latter 
vear, 2.23 times as much sewage was 
treated per unit volume of rock on the 
aerated filters as on the standard open 
filters; B.O.D. removals were 82.2 and 
73.9 per cent, respectively, of the ap- 
plied loading. The filter was accepted 
despite the ponding difficulties. 

Mills (150) reports results of studies 
of the operation of the alternating 
double filtration system and of the 
single stage filter, as conducted at Bir- 
England, during the past 
four years. The single stage filter was 
operated at rates varying from 58 to 
80 gal. per cu. yd. per day, which rep- 
resented the maximum it was capable 
of handling. The rates of application 
on the alternating double filtration 
units increased from 160 gal. per cu. 
vd. per day during the first year to 
240 to 250 gal. The filters were alter- 
nated once a week during the first two 
years and once a day during the last 
two vears. The quality of the effluent 
from the alternating double filters at 
four times the rate was equal to that 
from single filtration. 

The case for continuous filtration 
with recirculation of part of the efflu- 
ent receives little support from the re- 
port of Mills (151). His results are 
partially negated by a number of fac- 
tors: (1) A filter considered unfit for 
single and alternating double filtration 
studies was used; (2) The top 2.5 
ft. of bed consisted of %4-in. round 
eravel; (3) The bed was 6.25 ft. deep 
and (4) A recirculation ratio of 1: 1 
was used. Some ponding oecurred dur- 
ing the winter. Despite these handi- 
caps, when loadings as great as 250 
gal. per cu. yd. per day were applied, 
an effluent was obtained which was su- 
perior to that given by the primary 
filter of the double filter system but 
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poorer than that given by the double 
and single filters. Loadings on the 
double and single filters were 210 and 
60 to 80 gal. per cu. yd. per day re- 
spectively. 

Taylor (197) reported on experi- 
ences in winter operation of covered 
and uncovered sewage filters at Air 
Force training schools in Saskatchewan 
and Manitoba. Open filters were found 
to slough during sub-zero weather and 
lose all effectiveness until spring 
weather when higher temperatures 
allowed restoration of the biological 
film on the rocks. In covered filters 
the rock temperature was sufficiently 
high to insure maintenance of reason- 
able purification at all times. Covered 
beds with continuous flow were found 
to maintain a rock temperature about 
8 deg. F. higher than corresponding 
beds with intermittent flow. 

Edmondson and Goodrich (58) re- 
ported on the use of a ‘‘eyelo-nitrify- 
ing’’ filter to provide tertiary treat- 
ment for part of the effluent of a 
bio-aeration plant. The filter effluent 
normally contained in excess of 20 
p.p.m. of oxidized nitrogen and when 
mixed with the primary tank effluent 
in equal volumes to form the bio-aera- 
tion tank influent, resulted in 
overcoming bulking and in general im- 
provement of effluent quality, as meas- 
ured by O.A., B.O.D. and _ stability 
tests. Their data indicate that from 
0.15 to 0.21 lb. of oxidized nitrogen ean 
be produced per cu. yd. of filter media 
per day and that the production is in- 
fluenced little by rate of application 
over the range of 800 to 1,400 gal. per 
cu. yd. per day. Oxidized nitrogen was 
produced at approximately 10 per cent 
of its cost in the form of sodium ni- 
trate. 

Hurley (114) discusses the applica- 
tion of the various types of filters and 
filter systems. Veatch (211) reviews 
the experience the Army has had with 
various installations of filters. 

Halvorson and Smith (83) presented 
a scheme of sewage treatment in which 
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preliminary sedimentation ahead of 
biological filtration is eliminated. 


Patents 


Process patents have been issued to 
Levine (137) for a two-stage filter 
system with settling tanks following 
both stages and recirculation from both 
tanks to the primary settling tank, and 
to Montgomery and Livingston (156) 
for a method of purifying sewage by 
downward percolation through a sub- 
merged aerated filter bed. 


Activated Sludge 
Theory 


In order to obtain a more accurate 
count of the bacterial population of 
activated sludge floc, Allen (3) broke 
up the floc by passing it through an 
homgenizer. From 11 to 100 times as 
many bacteria were found in the homo- 
genized sludge as in the raw sewage. 
A maximum of 2,200 million bacteria 
per ml. was obtained on nutrient agar 
from homogenized sludge. The study 
indicated that the total number of bac- 
teria increased during the aeration of 
sewage and even after floc was formed, 
a large number of bacteria remained in 
the supernatant liquor. When more 
sewage was added to this floc and the 
mixture aerated, the bacterial count 
again increased, but in this case the 
bacteria were rapidly associated with 
the floc leaving fewer in the super- 
natant liquor. All species of bacteria 
isolated were rod forms. Most of them 
were gram negative, non spore forming 
and had no action on sugars. Accord- 
ing to Keefer (122), laboratory experi- 
ments indicate that sewage containing 
large quantities of grease can be oxi- 
dized by batch operated activated 
sludge. 


Operation 


Edwards (59) has reviewed acti- 
vated sludge operating practice and 
treeley (80) has discussed the develop- 
ment of the process. Greeley suggests 
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as conventional loadings with domestic 

sewage : . 

(1) 25 to 30 Ib. B.O.D. applied per 
1,000 eu. ft. of aeration tank 
capacity per day. 

(2) 1 to 2 Ib. B.O.D. added per 
1,000 cu. ft. air supplied. 


Imhoff (115) in 1943 estimated a suit- 
able loading for German plants to be 
31 Ib. of B.O.D. per day per 1,000 eu. 
ft. of aeration tank capacity. 

Dreier (57) has given an excellent 
summary of operating experience from 
29 mechanical activated sludge plants. 

The use of porous diffuser tubes has 
been discussed by Roe (177). He stated 
that the advantages of tube diffusers 
are: greater contact volume, longer de- 
tention period of air because of the 
lower air velocities, better tank circu- 
lation and elimination of the center 
core. The decreased head required, 
which amounts to about 2 ft., may save 
7 to 10 per cent on blower power. 

An excellent report has been pre- 
sented by Townend (205) on the op- 
eration of the. Mogden activated sludge 
plant, England’s largest, for the 10- 
year period 1936-45. With an average 
flow of 72 m.g.d. the aeration period in- 
cluding reaeration was 7.5 hours and 
the air consumption 0.97 cu. ft. per gal. 
or 717 cu. ft. per lb. of B.O.D. re- 
moved. The aeration tank solids aver- 
aged 2,400 p.p.m. Even during the 
war years, the plant effluent was ex- 
cellent and averaged 8.3 p.p.m. B.O.D. 
and 7.0 p.p.m. suspended solids for the 
10-year period. The diffuser plates, 
which have a permeability of 45 to 50, 
are fastened into cast iron boxes and 
air applied through a galvanized iron 
pipe. After three years, a sudden in- 
crease in the air pressure of 1-2 p.s.i. 
occurred. An investigation showed 
that the plate clogging was caused by 
an accumulation of rust from the boxes 
and the pipe and from some soot. The 
boxes were sand blasted and sprayed 
with zinc. The plates were burned at 
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300 to 900° C. and the permeability 
was brought back to the original value. 
Setter and Edwards (189), in lab- 
oratory experiments, found that mod- 
erately clogged diffuser plates may be 
eleaned in place by treatment with 
chromie-sulfurie acid or caustic soda 
followed by air blowing of the dry 
plates. When plates were badly 
clogged at top and bottom, vacuum ap- 
plied with a water wash to the top of 
caustic treated plates followed by blow- 
ing the dried plates at a pressure of 2 
p.s.. for 5 to 18 hr. was successful in 
restoring the permeability. The vac- 
uum water wash removed the sandy 
material from the top of the plate and 
the air blew out or redistributed the 
clogging material at the bottom. 

Mann (142) reported that at the 
Ley Creek, Syracuse plant, a larger 
flow was treated and less air was re- 
quired when the aeration tank solids 
were reduced from 3,000 to 4,000 p.p.m. 
to 1,500 to 1,800 p.p.m. and the aver- 
age aeration period was decreased from 
6.6 to 4.4 hours. The effluent was as 
cood or better than before and the 
activated sludge process appeared to 
stand industrial waste shocks better 
and to recover sooner. 

The principles of modified sewage 
aeration or high-rate activated sludge 
have been applied on full plant scale 
at the New York Jamaica sewage treat- 


ment plant since October, 1943. Ac- 
cording to Setter, Carpenter and 
Winslow (192) raw sewage without 


presettling was aerated for either 2.0 
to 2.5 or 4 to 5 hours, and settled for 
three hours. The aeration solids aver- 
aged 375 p.p.m. and the air consump- 
tion for aeration 0.34 cu. ft. per gal. 
of sewage. Irrespective of the con- 
centration of aeration tank solids, 70 
per cent of the B.O.D. and 83 per cent 
of the suspended solids were removed 
with 2.0 to 2.5 hours aeration and more 
than 75 per cent of the B.O.D. and 85 
per cent of the suspended solids were 
removed with 4 to 5 hours aeration. 
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The excess sludge averaged 5.85 per 
cent solids. 

Shapiro and Hogan (191) found at 
the New York Bowery Bay plant that 
with modified sewage aeration, the air 
ratios were reduced to 0.39 cu. ft. per 
val. sewage or to about 2/3 of the pre- 
vious air requirements needed with 
conventional activated sludge. With 
an average aerator suspended solids of 
500 p.p.m. and a 2.5-hour aeration pe- 
riod, more than 85 per cent of the 
B.O.D. and suspended solids were re- 
moved, 


Sludge Bulking 


The control of sludge bulking con- 
tinues to hold the interest of operators. 
At San Antonio, Berge (32) avoids 
bulking by returning activated sludge 
solids to the aeration tanks in the ratio 
of 10 parts by weight of returned 
sludge solids to 1 part of incoming 
sewage solids and by applying air at 
a rate of 900 cu. ft. per Ib. of B.O.D. 
of primary effluent. Careful control of 
the volume of digester supernatant re- 
turned to the clarifiers is also impor- 
tant. Kraus (129) found that a well 
oxidized digested sludge added to the 
return sludge would control bulking at 
Peoria. To oxidize the digested sludge 
it was mixed with activated sludge and 
aerated until all the sludge was con- 
verted to activated sludge and much of 
the nitrogen was changed to nitrates. 
This method of treatment made the 
disposal of digester supernatant very 
simple, and permitted greater loadings 
to the aeration and final settling tanks. 

Experience at some army camps has 
added more information on the control 
of bulking with chlorine. After other 
methods failed, Kin (125) found that 
the application of 10 to 16 p.p.m. of 
chlorine based on the return sludge 
flow eliminated bulking at a plant in 
one of the southern camps in ten days. 
At the time of the chlorine treatment, 
the concentration of solids in the re- 
turn sludge flow was only 700 p.p.m. 
Tapleshay (195), from data obtained 








from a number of plants, found that 
continuous chlorination of either re- 
turn sludge or aeration tank effluent 
improved the sludge index but that 
less chlorine was required when it was 
applied to the return sludge. He ob- 
served that the dosage of chlorine is 
a function of the sludge index and the 
dry weight of solids in the return 
sludge. The concentration of grease in 
the return sludge, which varied from 
4.8 to 29.9 per cent, did not seem to 
have any effect on the sludge index. 

In a mechanical aeration plant at 
Greece, N. Y., Denise (54) eliminated 
bulking by aerating the settled sewage 
before addition of the return sludge. 
Other changes in operation made at the 
same time may have assisted in elimi- 
nating bulking. 


Rising Sludge 


It seems to be well established that 
the rising of sludge in final settling 
tanks is caused by the buoyancy of gas- 
eous nitrogen formed by the reduction 
of nitrites or nitrates. Brandon and 
Grindley (39) reported that a concen- 
tration of 50 to 60 p.p.m. of ammonium 
nitrate caused rising of sludge in lab- 
oratory experiments, and smaller con- 
centrations produced rising sludge on 
plant scale tests. They suggest that 
the liberation of gases could be pre- 
vented by the addition of substances 
which inhibit bacterial action. Sawyer 
and Bradney (186) found that sub- 
stances inhibiting nitrifying and deni- 
trifying organisms also caused poor 
B.O.D. and organic nitrogen removals 
and therefore produced unsatisfactory 
effluents. According to Lockett (140) 
rising sludge can be prevented by 
eliminating short circuiting in aeration 
tanks and by promptly withdrawing 
sludge from the final tanks. It is also 
necessary to apply air at rates high 
enough to insure constant and thorough 
mixing (7 to 12 eu. ft. per hr. per sq. 
ft. of tank surface) and to provide an 
aeration period long enough to pro- 
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duce an average of 8 to 12 p.p.m. of 
nitrate nitrogen in the effluent. 


Design 


‘ 


As a result of his work in ‘‘density 
currents,’’ which are the gravity flows 
produced in one fluid by another fluid 
of slightly greater density seeking a 
lower level, Anderson (7) has set up 
certain design values for secondary set- 
tling tanks. He believes that the load- 
ing should average about 900 to 1,000 
gal. of aeration tank effluent per sq. 
ft. per day with a maximum of 1,600 
to 1,800 gal. per sq. ft. per day. The 
detention period should be 1.7 to 2.6 
hr. depending on the depth. For cir- 
cular tanks with center inlet, the radius 
should not exceed 5 times the sidewa!! 
depth. For rectangular tanks where 
the inlet velocity is more easily re- 
duced, the flow length should not ex- 
ceed 7 times the depth. In general, the 
depth below the effluent weirs should 
not be less than 10 ft. and the inlet 
velocity as low as possible without de- 
pendence on baffles. The weir loading 
rate should not exceed 20,000 g.p.d. 
per ft. of weir even when the weirs 
are placed away from the upturn of 
density currents. At customary sur- 
face ratings, the size of circular tanks 
with center feed and peripheral efflu- 
ent weirs is limited to a maximum diam- 
eter of 80 ft. but larger tank sizes are 
possible by providing effluent troughs 
earried on brackets away from the wall. 
Anderson prefers the sludge with- 
drawal sump at the inlet end, based on 
experiments in which the sump was so 
placed. Gould (78), from compara- 
tive studies of sludge withdrawal point 
locations, prefers to have the sludge 
withdrawal sump at the effluent end 
of the tank. 


Chlorination 

The advantages of chlorinating sew- 
age for disinfection, for the control of 
odors and septicity, and for reduction 
of B.O.D., have received general ree- 
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ognition. The specialized applications 
of chlorine’ have developed slowly be- 
eause only limited research has been 
performed to determine the basic re- 
actions involved. It is encouraging to 
note that more investigations of re- 
search nature have been made in this 
field during the past year. 


Chlorination Applications 


Single unit tank cars are used to 


supply chlorine at the Detroit sewage 
treatment plant, and an automatic de- 


vice has been developed to indicate 


when a car is empty. Liquid chlorine 
discharges from the tank ear through 
a 150-lb. chlorine eylinder which is 
mounted on a scale. When no more 
chlorine remains in the ear, the chlo- 
rine is next removed from the cylinder 
and the resulting loss in weight on the 
scale sounds an alarm. Many other 
safety precautions have been taken at 
this plant (27). 

Careful control of chlorine dosage at 
the Buffalo sewage treatment plant has 
resulted in improved disinfection de- 
spite both an increase in sewage flow 
and a reduction in total chlorine ap- 
plied. The average chlorine applica- 
tion at this plant is 2.45 tons per day 
(19). 

In the works proposed for the Boston 
sewage treatment plant at Nut Island, 
where preaeration, chlorination, and 
sedimentation are to be provided, Ken- 
nison (123) mentions that an existing 
building will be converted to use for 
chlorine storage rooms and chlorinating 
equipment, 


Chlorination for Disinfection 

The Interstate Sanitation Commis- 
sion has eonducted studies (22) to de- 
termine the chlorine contact period in 
those sewage works which discharge 
effluents requiring disinfection. By ap- 
plying fluorescent dye at the point of 
chlorine application, the actual time of 
contact before sewage reaches the re- 
ceiving water was determined, indi- 
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cating the proper holding time of chlo- 
rinated samples. 

Study of an epidemic of infective 
hepatitis, which occurred in a large 
summer camp and affected 350 of 572 
persons, indicated the causative virus 
of this disease to be waterborne. The 
source of contamination appears to 
have been infective sewage from a cess- 
pool near the camp well. <A study by 
Neefe, Stokes, Baty, and Reinhold (159) 
employed human volunteers and proved 
that ordinary chlorination did not in- 
activate the virus but that superchlo- 
rination beyond the break-point to pro- 
vide a chlorine residual of 15 p.p.m. 
after 30 min. contact would do so. 

The cereariae of Schistosoma can be 
rendered non-motile by chlorine doses 
of 0.5 to 1.25 p.p.m., and ean be ren- 
dered non-infective by a chlorine dose 
of 1.25 p.p.m. acting for 4 min. or by 
a dose of 0.44 p.p.m. acting for 18 min., 
according to a study by Gonzalez, 
Biagei, and Leon (77). 

While chlorine dioxide may be of no 
present interest in the treatment of 
sewage, its growing application in the 
water works field should be recorded. 
Studies by McCarthy (147) show this 
material to be more affected by organic 
matter than is chlorine and, conse- 
quently, a given: concentration is less 
effective for disinfection. 


Chlorination for. Control of Odors 


Chlorine continues to play an im- 
portant role in odor control (26). The 
trickling filter influent at Flint, Mich., 
is treated with a chlorine dose equal to 
one-half of the chlorine demand. A 
dose of 2.0 p.p.m. is applied in up- 
sewer chlorination at Atchison, Kan., to 
overcome the effects of industrial waste. 
At Rutherford, N. J., both raw sewage 
and filter influent are chlorinated. 

At Rockville Centre, N. Y., the use 
of prechlorination at pumping stations 
controls odors and prevents septicity 
in sewage delivered to the modified ac- 
tivated sludge plant, as deseribed by 
Andersen (6). The clarified effluent is 
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chlorinated to maintain a residual of 
2.0 p.p.m., residual chlorine tests being 
made every hour. Princeton, N. J., ob- 
tains not only odor control but im- 
proved coagulation and digestion as 
well through the application of iron 
chloride produced from chlorine and 
serap iron (25). 

Chase (48) includes prechlorination 
as a remedy for offensive odors pro- 
dueed by trickling filters receiving 
septic sewage. Doman (56) notes that 
at the Old Greenwich, Conn., plant 
supernatant liquor is settled in sepa- 
‘ate units and then is returned to the 
primary settling tanks without deleteri- 
ous effect, but such return does increase 
the chlorine demand. 


Chlorination in Activated Sludge 
Treatment 


Dreier (57) describes the use of chlo- 
rine for control of bulking in mechani- 
eal activated sludge sewage treatment 
plants at Batavia, Ill., Bucyrus, Ohio, 
Great Lakes, Ill., and Radnor-Haver- 
ford, Pa. At Great Lakes, chlorination 
of return sludge is started at the first 
evidence of impending bulking, using 
a dose of 4 p.p.m. based on the flow of 
raw sewage. Bulking is reported to oc- 
eur frequently at Radnor-Haverford 
but excellent control is accomplished 
by chlorination of the return sludge 
using a dosage of 10 p.p.m. based on 
the return sludge flow. 

Prechlorination and preaeration are 
employed at Greenville, S. C., to im- 
prove scum collection (24). In dis- 
cussing the findings of Eliassen and 
Schulhoff (6D) that at Army sewage 
treatment plants the inclusion of chlo- 
rine in preaeration accomplished no in- 
ereased removal of grease by subse- 
quent processes, Mahlie points out that 
grease received at municipal sewage 
treatment plants differs in composition 
from that at Army plants. 

In reporting on the operation of the 
Jackson, Mich., activated sludge sew- 
age treatment plant, Cameron (43) 
states that during the last year little 
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if any trouble has been encountered in 
keeping diffuser plates free and open. 
An occasional application of chlorine 
into the main air line, or the blowing 
out of the system by using additional 
blower capacity for 24 hr., has solved 
this problem. 


Chlorination in Industrial Waste 
Treatment 
Friel and Wiest (66) report on 
eighteen months of operation of an in- 
dustrial waste treatment plant utilizing 


chlorination to destroy cyanides. Chlo- 


rine apparently reacts to form cyano- 
gen chloride which quickly hydrolyzes 
to non-toxic ammonia and carbon diox- 
ide. This process was developed by 
laboratory study and the results of 
plant seale operation are highly satis- 
factory. 

In Connecticut, as described by Wise 
(225), wastes from a textile plant dis- 
charging dyeing and finishing wastes 
through an equalization and controlled 
flow system are satisfactorily handled 
at a municipal sewage treatment plant. 
Chlorine demand of the various wastes 
at the mill ranged from 8 p.p.m. to 
3,200 p.p.m. Domestic sewage flow 
averaged 16 m.g.d. and textile wastes 
0.9 m.g.d. The chlorine demand of 
textile wastes as discharged averaged 
2,060 Ib., but the chlorine demand of 
mixed textile wastes and domestic sew- 
age averaged only 1,300 Ib. 

Superchlorination continues in use 
as a method for the pretreatment of 
packinghouse wastes at Austin, Minn. 
Hill (102) reports that the process in- 
cludes plain sedimentation, the applica- 
tion of chlorine (3,500 to 4,500 Ib. of 
chlorine per day to a flow of about 1.8 
m.g.d.) and sedimentation. This treat- 
ment precipitates a large percentage of 
the protein material and subsequent 
chemical flocculation at the municipal 
sewage treatment plant accomplishes 
only a small additional improvement. 
Combined packinghouse and domestic 
wastes are treated on trickling filters. 

Gehm (70) reports the chlorine de- 
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mand of paper pulp wastes to be in the 
range of strong domestic sewage (10 
to 20 p.p.m.) and that chlorination to 
provide a residual of 0.2 p.p.m. re- 
duces the B. coli count to less than 1 
per ml. Lagooning was resorted to 
(133) for disposal of industrial wastes 
containing considerable oil at a Lock- 
port, N. Y., industrial plant and odor 
was controlled effectively with sodium 
hypochlorite. According to Friel (65), 
prechlorination of sewage usually ac- 
complishes a considerable reduction in 
the dose of coagulant required for 
chemical treatment plants. 


Chlorination Research 


Griffin and Chamberlin (81) investi- 
gated the effect of heavy doses of chlo- 
rine on sewage, using samples from one 
plant where raw, settled, aerated, and 
activated sludge effluents were avail- 
able. Laboratory tests were made 
using chlorine doses up to 400 p.p.m. 
in order to determine the changes re- 
sulting from break-point chlorination 
and the existence of free available 
chlorine residuals. The ratio of chlo- 
rine to ammonia at the break-point in 
sewage is of the same order as that 
found in water chlorination, 7.e. 10: 1. 
Ammonia is destroyed progressively 
from the first appearance of a chlorine 
residual until the break-point is reached, 
and thereafter it completely disap- 
pears. Albuminoid nitrogen is not ap- 
preciably affected by the amounts of 


chlorine used in this study. All ap- 
preciable reductions in B.O.D. take 


place ahead of the break-point and the 
greatest reductions per pound of chlo- 
rine applied occurs at the first appear- 
ance of a chlorine residual. 

The control of sludge index by chlo- 
rination of return sludge was accom- 
plished by Tapleshay (195) at three 
Army sewage treatment plants. For 
these plants he has devised a mathe- 
matical relationship as a basis to de- 
termine the dosage of chlorine to apply 
to a bulked sludge. He reports that 
this principle (the proper chlorine 
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dose is a function of the sludge index 
and the dry solids in the return sludge) 
has been employed at several activated 
sludge plants treating municipal sew- 
age and that the results have, in almost 
all eases, corroborated the original 
findings. 

Kin (125) has found chlorination 
of return sludge at the Camp Butner, 
N. C., activated sludge plant to consti- 
tute a successful corrective for bulking. 
A dose of 10 p.p.m., based on return 
sludge flow, for ten days and at a re- 
duced rate for another ten days was 
employed. Threatened bulking is now 
checked by repeating the treatment. 

After determining that the rising of 
activated sludge can be correlated with 
the presence of nitrites and/or nitrates, 
Sawyer and Bradney (186) studied the 
effect of chlorination to control nitri- 
fication. In laboratory studies, three 
feeding experiments were run in which 
return sludge was chlorinated before 
each feeding, using doses of 4, 7, and 
10 p.p.m. The results show that both 
nitrite and nitrate formation were in- 
hibited by this treatment and some 
denitrification resulted. High organie 
nitrogen and B.O.D. values of the 
treated sludge, however, led the au- 
thors to the conclusion that the purify- 
ing ability of the activated sludge had 
been seriously impaired. The results 
cited do show marked increases in 
effluent B.O.D.,° but they also show 
that a considerably longer period of 
time elapsed before rising of the 
sludge occurred. 

Gehm (68) has investigated certain 
factors affecting chemical treatment of 
sewage and reports laboratory studies 
showing that coagulation with ferric 
ehloride reduces chlorine demand an 
average of 67 per cent; with ferric 
chloride and lime (pH 9.0) the average 
reduction was 61 per cent; with ferric 
chloride and sulfurie acid (pH 4.0) the 
average reduction was 25 per cent; 
settling without added chemicals re- 
duced chlorine demand 36 per cent. He 
also studied the reductions in B.O.D. 
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accomplished by chlorinating sewage 
effluents after chemical coagulation: 
the B.O.D. of sewage coagulated with 
ferric chloride was further reduced 7.6 
per cent; that of sewage coagulated 
with ferric chloride and lime was re- 
duced 13.2 per cent ; ferric chloride and 
acid effected a reduction of 14.6 per 
cent. 

Chang (47) reports great difficulty 
in applying the oxidation potential 
method of determining germicidally 
active chlorine in water, and the evalu- 
ation of potential measurements on 
sewage would appear almost impossible. 


Sludge Digestion 
Research 


In their investigations of the bene- 
fits and disadvantages of rapid diges- 
tion of sewage sludge in the thermo- 
philic temperature range, Fischer and 
Greene (64) report on plant scale in- 
vestigations at Jackson, Mich., the 
tests conducted at Aurora in 1931 are 
first summarized. These tests made it 
evident that sludge heating methods 
other than by conventional hot water 
coils would be necessary in order to 
maintain thermophilic temperatures. 

In the Jackson, Mich., tests stage di- 
gestion of raw primary and waste acti- 
vated sludges was involved. Stage 
digestion evidently helped to classify 
the higher volatile matter in the pri- 
mary tank. At approximately the 
same density of the mesophilic and 
thermophilic digested sludges about 1.6 
times the maximum mesophilic loading 
was obtained in the thermophilic sys- 
tem. The most satisfactory range for 
primary thermophilic tank operation 
appears to be 125° to 130° F. This 
makes the heat requirements for ther- 
mophilic digestion about double those 
for mesophilic operation. The experi- 
ences encountered in heating the di- 
gester by means of contact type heaters 
and live steam are described. 

Ridenour, Backus and Sherron (175) 
report on laboratory investigations of 
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the effects of polyvsulfide treated case 
hardening, copper and zine plating 
solutions on sludge digestion. The rate 
and quantity of gas produced by diges- 
tion were used as indexes of industrial 
waste toxicity. The data submitted in- 
dicate that a material concentration of 
each waste could be tolerated by the 
sludge digestion process before impair- 
ing digestion. <A definite tolerance for 
sodium cyanide has to be built up in 
digestion. Because the basic constitu- 
ent of each waste was calcium poly- 
sulfide, all wastes increased the H.S 
content of the digestion gas. 

In South Africa the demand for 
formalin increased as the importation 
decreased during the war. <A serious 
shortage of this important chemical re- 
sulted. Following the original sugges- 
tion of Wilson (17) to use the methane 
in digestion gas as a raw material for 
the production of formaldehyde, the 
city of Johannesburg and the Depart- 
ment of Commerce and Industries of 
South Africa set about conducting 
plant scale experiments with such an 
end in view. The production of form- 
aldehyde (HCHO) from methane 
(CH,) by direct oxidation produces 
inconsequential quantities of the for- 
mer. Consequently the methane was 
first converted to methyl alcohol which 
was dehydrated to produce formalde- 
hyde. 


Tank Design 


Velzy (212) ably sketches the prob- 
lems involved in handling sludge from 
the time it leaves the settling tanks 
until it enters and leaves digestion. 
He lays needed emphasis on designing 
digestion tanks to keep the accumu- 
lating top scum moist. 


Sludge Pumping 


Yeomans (228) describes a_ better 
method of pumping sludges in a diges- 
tion system by means of a sludge ejec- 
tor (old fashioned air displacement 
pump or monte jus) operated by diges- 
tion gas under the constant pressure 
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provided by any standard pressure 
storage gas holder. 


Imhoff Tanks 


According to Daniels (52) ‘‘The Im- 
hoff tank had the misfortune to be born 
long before the principles of sludge 
digestion were known and, as a result, 
probably the majority of them was 
underdesigned as to sludge capacity.’’ 
The author of this didactic treatise 
deals with the various factors influenc- 
ing capacities and relationships which 
should prevail in the design of such 
tanks, 


Operation 


Samson (183) reports on the use of 
four fixed cover type digesters devoted 
to single stage operation at moderate 
temperature ranges. The author con- 
siders the most valuable feature of the 
t-year old installation to be the pro- 
vision of sampling cocks at 1-ft. in- 
tervals throughout the entire depth of 
each tank. Another valuable feature 
of the installation is the provision of 
power driven scum breakers and sludge 
stirring mechanisms. In order to 
thicken the raw sludge before pumping 
to digestion tanks it is held in the 
primary tanks for two days. The 
thickened’ raw sludge entering diges- 
tion has a relatively low volatile con- 
tent, which probably accounts for the 
expressed preference for single stage 
digestion at this plant at Tonawanda, 
N. %, 

Barton (29) describes an interesting 
list of experiences and observations in 
operating the 75,000 cu. ft. digestion 
tank and auxiliary equipment at Find- 
lay, Ohio. Ground garbage is treated 
with the sewage flow at this plant. 

Townend (205) contributes an in- 
formative account of ten year’s prac- 
tice in sludge digestion and gas utiliza- 
tion at the Mogden Works of the West 
Middlesex Main Drainage project 
which is the largest complete treatment 
plant outside the United States and 
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which serves over a million of the 
Greater London suburban population. 

The entire output of mixed primary 
sludge waste activated sludge, and 
sludge from storm water tanks (480,000 
U. S. gal. daily) passes through diges- 
tion, with the first and second stages 
seven miles apart. The supply of di- 
gestion gas for power purposes made 
a most valuable contribution to the 
conservation of national resources, sav- 
ing over 1,500,000 U. S. gal. yearly in 
fuel oil which, if imported, would have 
cost about $300,000. In a decade of 
operation, the digestion and power 
plant have shown no failure of any 
kind. In regard to power require- 
ments the power plant is entirely self 
supporting, with no outside power re- 
It has been more completely 
than the public power 


serve. 
trustworthy 
supply. 

Of the ten engines installed (550 
b.p.h. each on gas) 8 run on the di- 
gestion gas and 2 are reserved for fuel 
Six drive turbo-compressors and 

coupled to D.C. generators. 
gas is used for motor vehicle 


oil. 
4 are 
Some 
fuel. 
Theory and Operation 

Langford (135) presents a_ brief 
treatise on general theory and practical 
operation of digestion tanks. The 
round table discussion on operating 
temperatures in digestion tanks is con- 
eluded in Sewage Works Engineering 
(20). 
Supernatant 

Realizing the prime importance of 
producing rapid and effective separa- 
tion of supernatant liquor from di- 
gested solids in the operation of diges- 
tion tanks, Rudolfs and Fontenelli 
(181) report on results obtained in 
laboratory experiments and in the op- 
eration of digestion tanks in three sew- 
age treatment plants. 

The volumes of supernatant which 
eould be obtained from stored fresh 
solids, ripe sludge and digestion mix- 
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tures were determined from laboratory 
experiments. The quantities of super- 
natant liquor produced from raw 
sludge, single- and two-stage digestion 
were determined from plant operation. 
The percentage of separation of liquor 
was higher in actual plant operation 
than in laboratory equipment. In the 
plants investigated the digestion tem- 
peratures were maintained at 82° to 
84° F. The various factors influencing 
the production of supernatant and its 
separation from suspended solids are 
systematically listed. 

The various factors and problems 
involved in the production, treatment 
and disposal of digester supernatant 
are also presented by Erickson (62). 
Some factors affecting the volume of 
supernatant are outlined and, in order 
to use the term ‘‘supernatant liquor”’ 
significantly, an attempt is made to 
give it existing sense in some definition 
by a process of elimination. 

It is logically claimed that the super- 
natant liquor problem is comparatively 
recent and has apparently developed 
with the advent of separate sludge di- 
gestion. It was not so much of a prob- 
lem with Imhoff tanks. The author 
argues that a continuous removal of 
liquor at a low rate of flow from mod- 
ern separate sludge digestion tanks will 
simulate conditions under which a good 
quality of liquor is slowly displaced 
from Imhoff tanks. The equipment 
suggested for this purpose was pre- 
viously described by Schlenz (187) and 
reviewed in THIs JOURNAL. 

Various methods of treating digester 
supernatant are described, and the ex- 
perimental results obtained at Cleve- 
land, Ohio, Camp Shelby, Miss., and 
Geneva, IIl., by the use of atomized 
aeration and settling are graphically 
shown. 

Chamberlain (46) discusses the fore- 
going paper, the three characteristics 
of strong digester supernatant inimical 
to its easy disposal (B.O.D., suspended 
solids, and septifying ability), and 
lays emphasis on the immediate oxygen 
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demand (5-min. B.O.D.) of this liquor 
and its satisfaction. The types of treat- 
ment used to satisfy this demand and 
to remove suspended solids at Bucyrus, 
Ohio, and Geneva, IIl., are described. 

The serious supernatant problem at 
Seott Field, Ill., was solved in an un- 
usual manner according to Tharp 
(199), a.e., by eliminating the super- 
natant. The digestion temperature was 
raised from 90° to 102° F. to accelerate 
digestion and the schedule of pumping 
to digestion and withdrawals of sludge 
from same were changed to eliminate 
supernatant and any necessity for find- 
ing a definition for it. 

Notwithstanding the foregoing, the 
most novel method of dealing with the 
problematic liability of poor super- 
natant has been disclosed in Peoria, III. 
Reference to this interesting subject 
has been taken elsewhere in this review 
under the heading of Activated Sludge. 
Hlowever, it deserves cross reference 
here in reviewing literature on the sub- 
ject of supernatant liquor. 

Kraus (129) has evidently converted 
the inimical liability of supernatant in- 
to a remarkably effective asset in acti- 
vated sludge treatment. If his dis- 
closures are confirmed elsewhere, he 
will have demonstrated the spirit of 
real invention by converting treatment 
enemies into allies of value in solving 
two problems simultaneously, 7.e., that 
of controlling the bulking of activated 
sludge and that of supernatant treat- 
ment. At Peoria he has developed a 
method of controlling the sludge index 
in sludge activation by the application 
of digested sludge or digester super- 
natant that has been properly seeded 
with activated sludge. 


Digester Gas Hazards 


Langford (134) presents a construc- 
tive discussion of the important subject 
of ‘‘Safety Considerations in the De- 
sign of Gas Utilization Facilities.’’ As 
the subject title indicates the author 
considers the hazards resulting from 
the production, use and wasting of di- 
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eester gas and the reduction of these 
hazards to men and plant structures 
by the proper design and installation 
of all equipment having anything to 
do with the production, storage, dis- 
tribution and utilization of this gas. 

For the safe distribution and utiliza- 
tion of digester gas the constant in- 
surance of keeping the gas under posi- 
tive pressure is of fundamental im- 
portance. The importance of proper 
ventilation of plant structures and the 
control of the various methods of ven- 
tilation are stressed. Finally, from the 
standpoint of safe practice in design, 
installation, and utilization of the gas, 
general specifications are discussed rel- 
ative to practically all structures, 
equipment and piping from the diges- 
tion tanks to boilers and chimneys. 

In spite of safety considerations, 
occasional explosions of digestion gas 
take place. The conditions which led 
to such an explosion at the treatment 
plant of Monroe, Michigan, are de- 
scribed in Sewage Works Engineering 
(18). Building walls were displaced 
and some equipment was damaged. 
The plant operator suffered from shock 
but was not seriously injured. 

Gas Utilization 

Boehm (34) describes the novel 
Worthington gas engine equipped to be 
readily shifted from the use of digester 
gas to the use of fuel oil or to any 
combination of the two without inter- 
rupting the load. The first installation 
of this engine was made at the New 
York Tallman’s Island plant. 


(as Holders 

Seven years after putting a 50-ft. 
diameter spherical gas holder into serv- 
ice at Green Bay, Wis., it was cut out of 
service and thoroughly inspected. Mar- 
tin (144) states that due to the pro- 
tective coating of paint and oil it had 
thoroughly resisted rust and corrosion. 
Digestion Tank Repair 

Urban (209) tells of solving a prob- 
lem involving the replacement, in a 6- 
in. drain line from a floating cover di- 
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gester, of a flanged valve when there 
was no other valve on the line. It was 
done without either admitting air into 
the digester or the loss of sludge from 
the same. 


Patents 

The following U. 8. patents relating 
to digestion were issued in 1944 and 
1945 to: (1) Sehlenz and Cox (188) on 
a method of treating supernatant liq- 
uor from a digestion tank by means of 
aeration, sedimentation and returning 
the settled solids to digestion and the 
clarified liquid to sewage treatment ; (2) 
Branzell (40) et al on a continuous two- 
stage digestion tank for fibrous ma- 
terial; (3) Piatt (165) for arrange- 
ments for removing digestion gases 
from a two compartment digestion sys- 
tem, without disturbing the tank con- 
tent; (4) Evans and Gutman (63) eov- 
ering a plurality of rectangularly 
formed digestion chambers and (5) 


Burgett (41) for a septic tank con- 
structed of molded cementitious ma- 


terials. 


Sludge Disposal 

Army and Navy Plants 

Greeley (79) calls attention to the 
hundreds of sewage treatment plants 
built by the Army and Navy during 
the past three years and urges that 
their operating experience be sum- 
marized for application to municipal 
projects. There appears to be a trend, 
he says, toward simplifying sludge dis- 
posal. Dumping wet sludge in the 
ocean and lagooning are examples of 
this. The author also notes a desire by 
some municipal authorities to dispose 
of garbage and sludge together. The 
location of high temperature refuse in- 
cinerators at sewage treatment plants 
is one satisfactory method of accom- 
plishing this. 


Elutriated Sludge Plant Design 
Trends in elutriation plant design 
are outlined by Genter (74). In sew- 
age treatment vacuum filters are now 
being used to serve about 14,000,000 
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persons. The plants involving short 
circuiting all fresh solids to the filters 
and heat driers or incinerators without 
the benefits of digestion serve some- 
what over 6,000,000 population. About 
22 per cent of this population is served 
by the world’s largest existing filter 
installation at the Southwest plant in 
Chicago. The advocates of sludge di- 
gestion, with and without elutriation, 
have installed filters to serve almost 
8,000,000 population. This service is 
about evenly divided between elutria- 
tion and non-elutriation. The latter is 
best represented by Cleveland, Ohio, 
and Buffalo, N. Y. The dozen or 
illustrations involving elutriation serve 
slightly over 4,000,000. The largest of 
these installations are at Baltimore, 
Md., and the District of Columbia, each 
serving about a million population. 
Chemistry, says Genter, has come to 
play an important role in the economics 
of mechanical dewatering and the proc- 
essing of sludge prior to filtration. The 
most efficient chemical is ferric chlo- 
ride. The dose requirements vary 
vreatly. Measured in terms of domes- 
tic sewage sludge dosed and filtered 
per 1,000 persons daily, the most ex- 
pensive are both the fresh waste acti- 
vated sludges of high volatile content 
and the thin digested sludges derived 
therefrom; namely, from 11 to 12 Ib. 
of ferric chloride. The least expensive 
are the heavy, highly mineralized, well 


so 


TABLE 1. 


Type of Sludge 
Undigested activated sludge 
Undigested activated sludge 
Raw plain-settled sludge 
Chemically-precipitated raw sludge 
Digested elutriated primary sludge 
Digested elutriated sludge from 
complete treatment 
elutriated digested sludges requiring 
about 1 lb. ferric chloride per 1,000 
persons daily. Between these dosing 
extremes lie the other variations. In- 
stallations using sludge digestion and 
elutriation have demonstrated that it 
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Vacuum Filter Areas Required for Various Sludges 


Aluminum sulfate 
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improves filter yields while materially 
reducing the chemical requirements. 

Genter (73) has developed an equa- 
tion for computing the coagulant de- 
mand of sludges for filtration as fol- 
lows: Y = 1.08Y, + 1.6Y. where X is 
total chemical dose, Y; is the percent- 
age of alkalinity in the sludge solids 
and Yo». is the ratio of volatile matter 
to ash in the sludge. 

Ilubbel (110) and Garrity (67) state 
that elutriation has not proven success- 
ful in Detroit. It is to be hoped that 
details of the methods of operation and 
of the actual results obtained will be 
forthcoming to reveal why the experi- 
ence at Detroit is at variance with other 
reported results. One digestion tank 
is used for partial digestion and gas 
production. ~The partially digested 
sludge mixed with raw sludge, grit and 
scum is filtered on vacuum filters to 
70 per cent moisture and fed to the 
incinerators. The ash is sluiced to 
The ash yield is 2,000 tons 


lagoons. 


a month and methods other than la- 
gooning, such as barging or cement 
production, are being considered. 


About 0.19 gal. of fuel oil per unit ton 
burned is used mostly in warming up 
periods. 


Vacuum Filter Areas Required 
Zack (229) in Table 1 the 


vacuum filter areas required for the 
sludges listed. 


gives 


Sq. Ft. per 
1,000 Persons 


Conditioning Chemicals 








Ferrie chloride 30 
Lime and ferric chloride 1.0 
Lime and ferrie chloride 2.0 to 3.0 
Ferrie chloride 0.6 
Ferric chloride a8 


Use of Ferric Chloride as Conditioner 
for Sludge Beds 
Halvorson and Smith (83) describe 
seven existing small sewage treatment 
plants which can be housed in a single 
building where sereenings from a 14- 





Vol. 18, No. 2 


mesh self-cleaning fine screen and raw 
humus sludge from a tile media Aero- 
filter are treated with ferric chloride 
and dewatered on enclosed sludge beds 
of sand in 4 to 6 hr. Less than 2 lb. 
of chemical is used per 100 gal. of 
sludge and only 20 see. of flash mixing 
is required. The purpose of the proc- 
ess is to reduce the discharge of B.O.D. 
and nitrogen in the plant effluent by 
eliminating digestion and, therefore, 
the need of supernatant liquor return 
to the raw sewage. Other advantages 
of doubtful value are mentioned. 


Use of Alum to Hasten Sludge Drying 


Thompson (201) at Stratford, Conn., 
following the example of Sperry at 
Aurora, used alum at a cost of about 
$8 per 70,000 gal. of sludge to hasten 
dewatering on open sludge beds. The 
reduction in water content of the 
sludge in 24 hr. has been nearly twice 
as great for treated sludge as for un- 
treated sludge. The treated sludge 
dries in less than one-half the time 
required for untreated sludge, and the 
dried residue is thinner, lighter in 
weight and, therefore, more easily re- 
moved. Odors have been reduced and a 
ereatly overloaded Imhoff tank plant 
has been kept in fairly good operating 
condition pending contemplated alter- 
ations and additions in the postwar 
era. 


Use of Refuse Incinerator Heat for 

Sludge Drying 

Van Kleeck (210) gives favorable 
comment to the use of waste refuse in- 
cinerator heat at Stamford, Conn., for 
drying an elutriated digested primary 
sludge. In an article written for op- 
erators describing and discussing the 
common drying processes, the impor- 
tant role of sludge conditioning proc- 
esses prior to dewatering is emphasized. 


Fertilizer 
Investigations in England during 


the war for production and estimation 
of value of manure from sewage 
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sludges with and without composting 
with refuse have been pursued. Bould 
(37) describes a method of composting 
town refuse with fresh sewage sludge 
in cells furnished with drain pipes or 
filter bed tiles, the purpose of which is 
to furnish ventilation and aeration to 
the pile during fermentation, which 
raises the temperature to 65° C. within 
a week. Within 3 weeks the compost 
was free of obnoxious odors. The 
depth of the pile was 4.5 ft. In order 
to minimize the losses of organic mat- 
ter and nitrogen during the fermenta- 
tion, it is reeommended that the aerobic 
stage should be limited to 2 weeks fol- 
lowed by 1 to 2 months of the partially 
anaerobic stage. Best results were ob- 
tained with refuse-sludge ratios of 1: 
1 on a wet basis or 20: 1 on a dry basis. 
In spite of the increase of ammonia 
nitrogen during the fermentation, ni- 
trogen immobilization takes place when 
the mature compost is added to the 
soil. 

Crowther (51) reported the results 
obtained from the application of sew- 
age sludge on potatoes, barley and man- 
golds. Comparisons were made of 
sludges and farmyard manure supple- 
mented with commercial fertilizers. 
The sludges used were: (a) primary 
digested sludge dried on sand beds and 
(b) digested primary and excess acti- 
vated sludge dried on sand beds. The 
primary digested sludge failed to in- 
erease the yield with any combination 
of fertilizers while the digested pri- 
mary and excess activated sludge in- 
creased the yield under all conditions 
but not to the same extent as farmyard 
manure with similar combination of 
fertilizers. 

Miiller (157) conducted experiments 
with raw and digested sludge treated 
in various ways. 

To control fly breeding in raw sludge 
during drying in open beds at, Cairo, 
Egypt, (220) the sludge is dried in 
thin layers. Before the hatched larvae 
pupate and after the first layer is 
dried, another layer of liquid sludge 











is spread over it. When a bed is nearly 
full by repeated ‘‘flooding’’ action, a 
jayer of sand is spread over the top and 
flooded with settled sewage. 


Mechanical Equipment 


Many manufacturers of sewage 
works equipment (21) stress a report 
of a survey by the Water and the Sew- 
age Works Manufacturers Association 
which led to the conclusion that ‘‘no 
radically new equipment or processes 
(are) being planned for immediate 
postwar marketing.’’ Nevertheless, 
there is repeated reference in the litera- 
ture to mechanical equipment in de- 
scriptive articles of sewage treatment 
plant design. For example, attention 
is directed to an article by Riddick 
(174) deseribing the design of a plant 
for the treatment of wartime industrial 
waste, in which the importance of me- 
chanical equipment is emphasized. 
That mechanical equipment is not con- 
fined to large plants is emphasized by 
Bell (30) in an article on the design of 
small plants. Marston (143) points 
out that ‘‘certain operations about sew- 
age treatment plants can be handled 
with better results and at the same 
time avoid unpleasant manual labor.’’ 
He emphasizes his remarks by calling 
attention to mechanical equipment used 
in cleaning grit chambers, removing 
sludge from sedimentation tanks and in 
in the handling of sludge, in the aera- 
tion of sewage, and in settling tank de- 
mon. 

In a staff article in Sewage Works 
Engineering (21) much space is given 
to manufacturers of sewage works 
equipment for the description of their 
products and to predict things to come. 
A result is a comprehensive review of 
up-to-date products. Among the prod- 
ucts and equipment described are: 
“‘nackage’’ sewage treatment plants 
for small installations; electrical con- 
trols and equipment providing greater 
safety in gas-filled chambers and to 
protect other electrical equipment from 
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overload; a new ‘‘adjustable-multiple- 
venturi-flume-distributing baffle’’ to dis- 
tribute the flow of water or sewage into 
rectangular settling basins; a floccu- 
lator which has no underwater bear- 
ings, chains, or moving drives, with 
favorable power consumption, called a 
Walking Beam Floceculator; Duracite, 
a resin-cement ‘‘resistant to most in- 
organie acids, organic acids, alkalies of 
any degree of concentration, oils and 
solvents, with high compressive and 
tensile strength, and temperature range 
between 350° and 375° F.; improve- 
ments in Infileo grit removal mecha- 
nisms, the development of an improved 
hydraulic skimmer, and the advantage 
if direct recirculation in high-capacity 
biological treatment; a synthetic-resin 
paint known. as Resoweld Paint, for 
protection against corrosion; prefabri- 
cated concrete pipe in longer lengths 
with rubber gaskets to furnish a high 
degree of water-tightness in joints. In- 
creased use of aluminum in. sewage 
works is predicted. 

In discussing trends, Camp (44) 
states: ‘‘It is possible to note present 
trends and to prophesy by projecting 
these trends into the future. Unfortu- 
nately the trends in some quarters are 
contradictory to those in others. There 
is lack of agreement as to what consti- 
tutes the best basis for the design of 
settling tanks. . . . Too much empha- 
sis must not be placed upon mechanical 
equipment to the neglect of the sedi- 
mentation process itself. . . . There is 
a trend towards the use of longer and 
narrower tanks for final settling in the 
activated sludge process. . . . Progress 
will continue to be made by the manu- 
facturers of sludge removal and skim- 
ming equipment in the direction of re- 
ducing the weight of the equipment 
and prolonging its useful life. As a 
result of the advances in metallurgy 
brought about by the war, there will 
doubtless be many new steel alloys 
available to provide durable wearing 
surfaces and minimize corrosion. It is 
also probable that there will be wider 
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use of non-ferrous metals. More effec- 
tive protective coatings, particularly 
some resulting from the use of plastics 
are also likely to be available for me- 
chanical equipment. Better electrical 
equipment and a wider variety of speed 
reducers will also be available.”’ 

Pipel (171) reports experiments on 
mechanical flocculation which lead to 
the conclusion that mechanical equip- 
ment is efficient in every respect in 
sedimentation and coagulation, except 
possibly that the flocs are fragile and 
disintegrate when the velocity exceeds 
13 f.p.s. Anderson (21), through his 
revelation of the existence of ‘‘density 
currents’? in settling tanks has con- 
tributed much to the design of inlet and 
outlet equipment therefore. For ex- 
ample, he states : ‘‘ that for effluent weirs 
located away from the upturn of the 
density currents, the overflow rate 
should not exceed 20,000 g.p.d. per ft. 
of weir; and for weirs located within 
the upturn zone the rate should not 
exceed 15,000 g.p.d. per ft.’’ 

Greeley (79) points out that the past 
three years have given opportunity for 
experience in high-rate trickling filters, 
sewage ponds, unheated sludge diges- 
tion tanks, sludge lagoons, and _ sani- 
tary fills. In sludge disposal the trend 
is towards digestion and the production 
of gas for power and heating. The 
combined disposal of garbage with sew- 
age is focusing attention on grinders 
for central station installation and on 
home waste-food grinders. 

Langford (134) describes equipment 
connected with the safe collection, stor- 
age, and distribution of gas. This 
equipment includes boilers, gas piping, 
meters, traps, pressure regulators, 
waste gas reliefs, flame traps, flame 
cells, pressure gages, waste gas burn- 
ers, explosion reliefs, gas holders, pres- 
sure-vacuum reliefs, lightning arresters, 
digestion tanks, and explosion-proof 
electrical equipment. 

Richardson (173) has described a 
new development in sludge metering 
characterized by the continuous injec- 
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tion of water into a venturi tube and 
its connections. 

Zack (229) predicts that the trend 
during the past 20 years toward mech- 
anization of sludge disposal processes 
will become more pronounced in the 
postwar period. Genter (74) describes 
equipment used in sludge elutriation 
and describes experience in the con- 
ditioning of sludge which has made 
possible smaller conditioning tanks and 
piping in vacuum filters. é 

Outside of the field of sewage treat- 
ment, Bogert (35) reports a prediction 
that solid volute propellors will be pre- 
ferred to open impellers; flexible shaft- 
ing will be used in vertical pumps, and 
flexible couplings on horizontal pumps; 
variable speed drive will be attained 
by either variable speed motors or vari- 
able reduction gears. There will be 
more extensive use of close-coupled, 
vertical type pumps in well ventilated 
dry wells. Recent developments in 
sewage pumps include the close-coupled 
type of horizontal installation, where 
pump and motor are built into the same 
frame, resulting in considerable saving 
of space requirements and simple shaft 
alignment. 

In the field of construction, Bennett 
(31) describes various types of sewer 
trenching machines. Cohn (50) con- 
cludes his series of articles on the main- 
tenance of sewage works equipment. 
Among the Buyers Guides in the field 
of sewage equipment may be included 
those published by Water Works and 
Sewerage in the June issue and by 
Water and Sewage in the July issue. 


Industrial Wastes 

Disposal of industrial wastes as a 
national problem has been of interest 
in 1945 both in the U. 8S. and Great 
Britain, with rather divergent policies 
resulting. In the U. S. there has been 
emphasis on the function of the trade 
organization as a research agency, with 
co-operative support by governmental 
bodies, whereas in England the Min- 
istry of Health supervises the research 
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and may now try to apply the 1937 
Act (Drainage of Trade Premises), 
temporarily shelved during the war. 
Nothing similar to this Act has been 
under consideration in Congress, al- 
though both the Mundt and Spence 
Bills provide loans for construction of 
new treatment plants for industrial 
wastes, but do not set up any method 
for levying operating charges on in- 
dustry. 

A very surprising innovation in Eng- 
land has been proposed by Hurley 
(113) who is dissatisfied with the 1937 
Act and suggests that all industries 
contribute to a national fund in pro- 
portion to the cost of disposing of their 
wastes in local sewage treatment works 
by primary, intermediate or complete 
treatment and that the Government 
then reimburse the local sewage author- 
ity, with rebate to the industry if the 
wastes are pretreated at the factory. 
Thus there would be no_ shopping 
around for the best deal in the ease of 
new industries and there would be no 
discrimination in dealings with all in- 
dustries tributary to certain sewage 
treatment works. The scheme would 
require a committee of experts, who 
would fix the rates, but local authorities 
would administer the Act and make 
necessary tests. So far, this is only a 
suggestion, but it is evident that the 
1937 Act needs revision and_ this 
scheme may offer an improvement. 

In Los Angeles, Knowlton (127) sug- 
gested a schedule of excess charges for 
treatment by activated sludge of vari- 
ous types of wastes, based on volume, 
B.O.D. and suspended solids. This is 
similar to the scheme proposed by vari- 
ous other cities, including Chicago and 
Buffalo. Mohlman (153) called atten- 
tion to the wide variation in rate of 
losses from various plants inside the 
same industry and deprecated the ten- 
dency to form trade research groups 
rather than to install waste treatment 
plants. On the other hand Hoak (107) 
reaffirmed the efficiency of modern in- 
dustry and stated that trade associa- 
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tions and research fellowships repre- 
sent, in part, the discharge of the obli- 
gation that industry owes to play an 
equitable part in the reduction of pol- 
lution. Gehm (71) also stresses the ad- 
vantages of the integrated national pro- 
eram of the pulp and paper industry 
and states that research is to be ‘‘im- 
plemented by the solution of immedi- 
ate pollution problems.’’ There is re- 
newed activity in waste disposal 
reported by Trebler (208) in the dairy 
industry, a new committee has been 
organized by the chemical manufactur- 
ers, and the tanners, textile industry. 
petroleum industry and iron and steel 
manufacturers are more active recently 
in the field of waste disposal. 


Packinghouse. Wastes 

Hill (102) reported the problems in 
handling packinghouse wastes at Sioux 
Falls, S. D., and Austin, Minn., where 
the pollution loads from industry are 
from two to five times as great as the 
human sewage load. The use of wash- 
able primary and high-capacity inter- 
mediate trickling filters has helped 
vreatly in reducing excessive strength 
of clarified wastes. Final treatment 
by activated sludge has encountered 
difficulty because of rising sludge in- 
duced by the high nitrogen content of 
the waste. This is a common problem 
where packinghouse wastes are treated 
in an activated sludge plant. Bragstad 
(38) reviewed the legal and financial 
affairs between the packer and city at 
Sioux Falls. The State Supreme 
Court held that a long-term contract 
between the two was void but did not 
order the wastes removed from the 
treatment plant. 


Food Wastes 


Canning of peas, corn and tomatoes 
produces the largest tonnage of wastes 
in the canned vegetable industry. San- 
born (184) reviewed the present status 
of salvage or disposal of wastes from 
these crops. Dry solids such as vines, 
husks and skins are used for feed; 
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tomato pomace was dried and sold for 
$35 per ton in 1944 compared with $21 
in 1941. Greater recovery may be 
stimulated when drying units are avail- 
able. 

Citrus canning wastes are a problem 
in Florida, as reported by Ingols (116). 
Feed is made from grapefruit rinds 
but the press liquor contains as much 
as 10 per cent solids and its disposal is 
difficult and is being studied in a pilot 
plant. Disposal of more dilute canning 
wastes is usually accomplished by di- 
lution in lakes, lagooning or sand fil- 
tration. 

Lagoons have been used for many 
years for disposal of cannery wastes 
but they are usually odorous. Use of 
sodium nitrate to satisfy part of the 
}.O.D. will prevent or minimize odors. 
A study of lagoons and the use of 
sodium nitrate was made under the 
auspices of the National Canners As- 
sociation, as reported by Warrick, et al 
(218). The wastes should be screened 
through a 40-mesh screen, and treated 
with sufficient sodium nitrate to satisfy 
20 per cent of the 5-day B.O.D. The 
depth should not be greater than 5 ft. 
and the volume should allow for 125 
per cent of the seasonal volume of 
waste produced. Ryan (182) states 
that Sanborn conducted tests in 1940 
near Rochester, N. Y., and the results 
led to the use of 10 tons of sodium 
nitrate in a pea-waste lagoon in 1944, 
added in July. The B.O.D. rose from 
750 p.p.m. on July 31 to 1,440 p.p.m. 
on August 10, later declining to 210 
p.p.m. on September 2 and 57 p.p.m. at 
the end of October. The freezing of 
corn cannery wastes held in shallow 
lagoons through the winter has been 
reported (176) to result in considerable 
stabilization of the separated solids be- 
fore the next warm season. 

In England (118) disposal of waste 
waters from dehydration of potatoes, 
carrots and cabbages has not been much 
of a problem. The wastes from 40 tons 
of potatoes per day have a popula- 
tion equivalent of 12,000. Wastes are 
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screened or settled and discharged to 
sewers. The sludge is bulky, gelatin- 
ous and putrefactive. 

A foreign problem, the disposal of 
wastes from processing the coffee bean 
in El Salvador, was discussed by Ward 
(216). The green bean is partially 
fermented in order to remove the pulp 
and skin that enclose the coffee bean. 
The pulp and wash waters from the 
fermentation basins have a high B.O.D., 
equivalent to a population of 4,000 for 
a plant of moderate size processing 
100,000 Ib. of coffee ‘‘cherries’’ per day. 
At present the pulp is buried and 
liquid wastes lagooned, which is satis- 
factory in isolated areas. Chemical 
treatment results in only about 25 per 
cent reduction of B.O.D., consequent- 
ly pilot plant studies of biological fil- 
tration are being made in co-operation 
with the Office of the Co-ordinator of 
Inter-American Affairs. 


Fermentation Wastes 


Rudolfs (180) discussed the treat- 
ment of wastes from fermentation proc- 
esses, pointing out that they are usually 
fairly free from suspended solids but 
of high soluble strength, thus requiring 
dilution by recirculation or pretreat- 
ment before aerobic biological treat- 
ment. Anaerobic treatment, with col- 
lection and use of gas, appears promis- 
ing as installed at the yeast plant in 
Pekin, Ill., of the Standard Brands 
Corporation. Sometimes nitrogen or 
phosphorus must be added to these 
highly carbonaceous wastes, to obtain 
good biological oxidation. 

MohlIman (154) reported the B.O.D. 
(5-day) to nitrogen ratios of various 
types of wastes surveyed in Chicago. 
The ratio varied from 6 to 1 for sew- 
age to 8 to 1 for packinghouse wastes, 
18 to 1 for fermentation, 35 to 1 for 
milk products, and 70 to 1 for laun- 
dries and vegetable oil-processing in- 
dustries. Principles of recovery of 
wastes inside the plant were discussed, 
with several specific examples. 
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Boruff and Weiner (36) traced the 
progress in recovery of distillery solids 
from the old days when still residues 
were only screened before discharge, to 
the modern plant developed at Hiram 
Walker, Inec., Peoria, where 800,000 
g.p.d. of ‘‘stillage’’ with a B.O.D. of 
15,000 to 18,000 p.p.m. is screened, 
centrifuged and dried to produce about 
150 tons per day of ‘‘distillers’ dried 
grains with solubles’’ worth around $20 
to $30 per ton. 


Pulp and Paper 


Lagooning kraft mill wastes for 15 
or 20 days results in a large reduction 
in the B.O.D. of the discharged efflu- 
ent (72). A Texas mill settles the 
liquors in a small basin, followed by a 
20-day storage lagoon. 

Fiber losses have been minimized at 
a Pennsylvania paper mill by alum 
treatment, with vacuum filtration of 
the sludge, which is used in a board 
mill. 

A small plant for production of al- 
cohol from sulfite liquor has been in 
operation at Bellingham, Wash. Other- 
wise, the sulfite waste problem shows 
little alleviation. 


Petroleum Wastes 


The waste problems of the petroleum 
industry were outlined by Hart (86), 
including oil-field brines and refinery 
losses. In the latter, emulsions pre- 
vent efficient separation of oil by flota- 
tion but these emulsions can nearly al- 
ways be broken by liming and heating 
to 160° F. (if the volume is low) or 
by use of chemicals tested in the lab- 
oratory. 

Weston (222) presented a more de- 
tailed picture of petroleum wastes, in- 
cluding 137 references and estimates 
of cost of producing certain results. 
He claims that large complete refiner- 
ies may be expected to have 0.5 to 3.0 
per cent of their crude oil escape to 
the sewer, but that with the API sep- 
arators it is possible to recover well 
over 95 per cent of the oil. Where 
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the effluent must contain only 5 to 10 
p.p.m. or less, chemicals will have to 
be used for breaking emulsions, lead- 
ing to excessive costs. Waste caustic 
solutions are highly obnoxious but of 
low volume. They can be treated on 
biological filters if not too odorous be- 
cause of mercaptans. Phenols must 
be extracted. Acid sludge is usually 
treated to recover H.SOx. 


Chemicals and Non-Ferrous Metal 

Wastes 

The Dow plant (172) for biological 
oxidation of phenolic wastes has been 
expanded by construction of 40 acres 
of holding ponds and a small activated 
sludge plant. Strong phenolic wastes 
average 1.25 m.g.d. and contain 600 
p.p.m. phenol, They are discharged to 
ponds having a capacity of 42 m.g., 
thence diluted with weak wastes and 
fed to the trickling filters at 30 to 50 
p.p.m. phenol. The four filters are 142 
ft. in diameter each and 9.75 ft. deep. 
The activated sludge plant includes 
three mechanical aerators each 24 ft. 
square and 15 ft. deep, followed by a 
final settling tank, from which sludge 
is returned. The overall removal of 
phenol averages 98 per cent. 

In Connecticut Wise (225) reports 
brass and copper wastes of most im- 
portanee. Most of the losses are in 
the wash waters, containing about 105 
p.p.m. sulfuric acid, 24 p.p.m. copper, 
20 p.p.m. zine and 20 p.p.m. chromium. 
Recovery processes are expensive be- 
cause of the dilute character of the 
waste. Textile, oil and plating wastes 
are also important. <A later paper 
(224) gives details on methods and 
costs of recovering metals by lime pre- 
cipitation, estimated to cost 4.2 cents 
per lb. of metal recovered; second, use 
of electrolytic methods; and third, use 
of synthetie resins. These studies are 
to be continued. Studies are also be- 
ing made of pickling liquor recovery 
and removal of cyanides from plating 
room wastes. The latter has been ac- 
complished by the use of chlorine at 
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an aireraft factory, in a plant designed 
by Friel and Wiest (66). The cyanide 
forms eyanogen chloride, CNCl, which 
quickly decomposes to harmless am- 
monium carbonate in the presence of 
hydroxide alkalinity. Batch treatment 
was considered most practical, in wood- 
en tanks with 20 to 30 min. retention. 

Oeming (162) has reviewed the 
status of waste disposal in Michigan, 
covering magnesium chloride brines, 
phenols, eyanides, oil wastes, paper, 
beet sugar and other wastes. 

Wastes from TNT shell-loading 
plants were studied by Ruchhoft (179). 
Soil absorption and activated carbon 
treatment were the most promising pro- 
cedures. Large doses of carbon are 
needed, from 17 to 50 grains per gal. 


Pickling Liquors 

Iron or steel pickling liquors are 
most generally treated with lime for 
neutralization of the free acid and pre- 
cipitation of the ferrous sulfate. Hoak 
and Hodge (108) showed that it is 
cheaper to use limestone to neutralize 
the acid, and lime to a pH of 9.0 to 
precipitate the iron. Dolomitic lime- 
stones are unsatisfactory. 

A further review of the pickle liquor 
problem has been prepared by Hoak 
(105). The low value of and limited 
market for recovered ferrous or ferric 
sulfates do not offer much hope for 
salvage, in spite of the many processes 
proposed. 


Stream Pollution 
Abatement and Control 


There was an increase in the number 
of papers discussing stream pollution 
during 1945, all of which served toward 
the education of the public to a greater 
recognition of the problem. The in- 
crease in tastes and odors from indus- 
trial wastes due to war industries in 
the public water supplies along the 
Ohio River has created tremendous in- 
terest in the problem. According to 
Todd (202) the present pollution of 
the Ohio River at Wheeling, W. Va., is 
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such that the water is unfit for a 
public supply. The fact that one paper 
entitled ‘‘Our Dead and Dying Riv- 
ers’’ (88) from American City was re- 
printed in Readers Digest is perhaps 
indicative of renewed interest. This 
was the first non-technical discussion 
of the problem to reach the public in a 
popular national magazine. 

LeBosquet (136) on the basis of the 
Ohio River Pollution Study discussed 
the work of the states and interstate 
commissions on pollution abatement 
along with the problems of education 
and financing of abatement programs. 
Hoak (106) (179) maintained that the 
national economy is based upon the 
effective use of streams and that the 
stream should be considered a chemical 
and biological treatment plant that 
works satisfactorily as long as it is not 
overloaded. Murdock (158), review- 
ing Purdy’s early work, discussed the 
operation of the Huntington Flat in 
the Potomac River as an efficient waste 
disposal plant. Adams (1) pointed 
out that half of the population of the 
state of Michigan is dependent upon 
surface waters as a source of public 
water supply, and also that these waters 
serve the major industrial plants, pro- 
vide sport and commercial fishing and 
support game and wildlife. Conse- 
quently, although the stream can sup- 
ply the oxygen required by the pollu- 
tion if the load is not too great, pollu- 
tion control is necessary to prevent 
impairment of the usefulness of sur- 
face waters. 

Although the Tennessee valley con- 
tains relatively clean streams compared 
to other regions, Jones and Wolman 
(119) diseuss the stream pollution and 
public health problems in relation to 
the changes caused by the construction 
of nine dams on the Tennessee and 
point out that in general the sanitary 
quality of the lake waters has been 
improved by impoundage. Chase (49) 
discussed the types of wastes and their 
effect on rivers and on water treatment 
plants, and cited the Androscoggin as 














a specific example of a grossly polluted 
stream. Kittrell (126) presented a 
lucid discussion of pollution studies 
and pointed out that objections to pol- 
lution abatement can be eliminated if 
a well-planned educational program 
follows a thorough investigation of pol- 
lution in the area. 

The co-operation between Wisconsin 
industries and the state agencies in 
abating stream pollution was reported 
by Warrick (217). No fixed standards 
are used but each stream is considered 
as a special problem depending upon 
its uses. 

The history of stream pollution con- 
trol in Pennsylvania was reviewed by 
Stewart (192), who pointed out that 
the Act of 1937, upon which the Board 
bases its activities, goes far beyond the 
original Act of 1905. The 1937 Act 
provides for equal control over the 
discharge of trade wastes and includes 
additional features on stream life. The 
Board proposes that all sewage shall 
receive a minimum of primary treat- 
ment and that industrial wastes are to 
be treated to an equivalent degree. 
Stewart concluded by saying that the 
people have the right to clean streams 
and quoted a Pennsylvania court de- 
cision upholding the right of the people 
to have the streams, from which they 
draw their water supply, free from 
pollution. In carrying out the abate- 
ment program the Pennsylvania State 
Sanitary Water Board has ordered 
nearly 300 communities and 102 in- 
dustrial companies to make plans im- 
mediately for sewage treatment works 
(9) (28). This includes 60 communi- 
ties on the Schuylkill River (8). In- 
cidentally, the State of Pennsylvania 
has signed three compact agreements 
for pollution abatement with other 
state groups during the year. 

According to Pipe Progress (14) the 
stream pollution due to salt water from 
oil fields has been reduced by injection 
wells to the Woodbine sands in the 
East Texas field. 

Symons (194) briefly discussed the 
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development of pollution abatement 
programs and reviewed cost estimates 
of such programs from three sources. 
He stated that the striking of an eco- 
nomic balance between the extent of 
abatement and the capacity of a re- 
ceiving watercourse and the develop- 
ment of the program on a regional or 
drainage basin basis are important con- 
siderations. Berry (33) also briefly re- 
viewed pollution abatement programs, 
including Pennsylvania’s and the In- 
terstate Sanitation District plan involy- 
ing the expenditure of $120,000,000. 

Wisely (226) editorially reviewed 
the important service that state agen- 
cies are giving to insure the proper 
consideration of stream pollution abate- 
ment in postwar planning. He men- 
tioned outstanding work in this field 
with limited staffs in a number of states 
and the valuable research studies being 
made on various localized problems to- 
ward the abatement of pollution by 
industrial wastes. 

The progress that has been made by 
the Interstate Sanitation Commission 
in the past seven years in reducing the 
pollution of the waters of Long Island 
Sound and New York Harbor was re- 
viewed in Public Works (16). In 1937 
practically all of the 1,000 m.g.d. of the 
wastes discharged failed to meet the 
requirement while in 1944, 430 m.g.d. 
or 35 per cent met the requirement. 
The compact between the three states 
establishes standards based on the re- 
moval of solids and eoliform organ- 
isms. Of the 70 plants in the district. 
00 now comply with these standards. 

The agreement on a plan to construct 
a $17,500,000 sewage collection and 
treatment system for Hamilton County 
(Cincinnati), Ohio, and the action of 
Louisville, Ky., in making application 
for federal aid in the design of a 
$7,000,000 treatment plant, as reported 
by Engineering News-Record (11), in- 
dicated that progress may be expected 
in pollution abatement on the Ohio 
River. 
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Abatement and Control Legislation 


Walker (215) reviewed and summar- 
ized the many British laws relating to 
the pollution of rivers and streams 
from the Prescription Act of 1832 to 
the Public Health Act, 1936, and De- 
fense Regulations, 1939. 

The Minnesota legislature enacted a 
water pollution control act and estab- 
lished a Water Pollution Control Com- 
mission (12). The duties of the 
new commission include administra- 
tion of pollution laws, investigation of 
pollution in waters of the state, estab- 
lishment of pollution standards, estab- 
lishment of orders requiring discon- 
tinuanee of discharges, approval of 
plans for sewage works and issuance 
of permits for discharge of sewage and 
industrial wastes. 

The Interstate Commission on the 
Potomac (10) went on record that a 
valley authority was unnecessary to end 
the Potomae River pollution, set up 
four classes of minimum water quality 
classifications (which must be adopted 
by each signatory state) and adopted 
two resolutions. One of these was to 
ask the federal government for aid in 
evaluating the extent of pollution and 
determining the best abatement pro- 
cedure. The second resolution asked 
that the federal government assist the 
various interstate river basin commis- 
sions upon request by making studies 
and surveys, that the federal govern- 
ment finance construction projects that 
cannot reasonably be constructed by 
the states, and that a program for the 
solution of all river basin problems in- 
cluding pollution, flood control, soil 
conservation ete. be encouraged and 
initiated by the interstate compact 
method. In contrast to the above stand 
for federal financial aid Jordan (120) 
considered ‘‘the adoption of the grants 
in aid principle even for this worthy 
purpose, as a permanent part of na- 
tional policy, not related to unemploy- 
ment relief, is in the judgment of the 
author just as improper as the other 
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intrusions of federal funds into local 
and regional problems.’’ Jordan stated, 
however, that there are serious inter- 
state stream pollution problems which, 
if not abated on the local or regional 
level, will inevitably, in the public in- 
terest, be handled at the national level. 
On the recommendation of Wolman, 
the Executive Committee of the Ameri- 
can Water Works Association (23) en- 
dorsed the Spence and _ Barkley 
(HR592 and 81037) pollution control 
bills with the exception of sections 5, 
6 and 7. These sections would estab- 
lish grants in aid to political subdivi- 
sions and also to persons and industrial 
establishments. The AWWA especi- 
ally endorsed those portions of these 
bills which eall for USPHS investiga- 
tions and studies of pollution abate- 
ment and waste treatment in co-opera- 
tion with states making such requests, 
and also endorsed the publication of 
findings from technical studies and of 
reports and recommendations growing 
out of such investigations. Wisely 
(227) reviewed briefly the provisions 
of the three types of anti-pollution 
legislation now before Congress and 
concluded that the Spence and Barkley 
bills, with certain revisions, are best 
fitted to pollution control requirements. 


Bacteriology and Biology 


Sandholzer and Quimby (185) re- 
ported favorably on a new alkyl sulfate 
medium which inhibits gram positive 
bacteria and permits the gram negative 
forms to reduce nitrates. The detec- 
tion of nitrites in the sample after 8 to 
48 hr. incubation constitutes a pre- 
sumptive test for the coliform group. 
As the comparative study by these 
authors included only 100 samples, a 
great deal more work must be done be- 
fore this test is truly evaluated. Hunt- 
er, Patty and McKinley (112) also re- 
ported a simplified method for coliform 
bacteria which depends upon 24-hr. 
sample enrichment in tryptose medium 
followed by confirmation in the BGLB 
medium. Comparative results of this 
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method and the standard procedure on 
764 water samples appeared very prom- 
ising. 

The impounding of the TVA reser- 
voirs has increased plankton produc- 
tivity. Kruse (130) described the 
practical plankton counting procedures 
used on these reservoirs and 33 preva- 
lent plankton species. Monie (155) 
described a practical determination of 
the correct dosage of copper sulfate to 
control various species of algae under 
different conditions which has had one 
year’s trial. This test depends upon a 
eolor reaction with phenolphthalein 
after the water samples have been 
stirred for % hr. with varying trial 
doses of copper sulfate. 

The methods used by the Wisconsin 
committee on the chemical treatment of 
lakes and streams to control micro-or- 
ganisms and aquatic vegetation were 
deseribed by Warrick, et al (219). The 
committee’s fish studies indicated that 
the toxic doses of copper sulfate re- 
corded in the literature for various 
species of fish hold only for very soft 
water. Hard waters removed copper 
by precipitation and under these con- 
ditions the toxic doses for large mouth 
bass increased to 80 to 160 p.p.m. The 
study indicated that arsenicals were 
preferred for the control of rotted 
weeds. 

A 12-month survey of three Madison, 
Wis., lakes by Lackey and Sawyer 
(182) indicated that sewage effluents 
were the major contributors of inor- 
ganic nitrogen and phosphorus. One 
of these lakes (Waubesa) received 77 
and 89 per cent, respectively, of these 
elements from the Madison sewage 
treatment plant effluent. The three 
lakes received from 73 to 422 lb. of in- 
organic nitrogen per acre per year and 
converted 46 to 51 per cent of this to 
organic forms. The concentration of 
the inorganic nitrogen in the surface 
waters was related to biological ac- 
tivity and algal blooming was shown 
to reduce inorganic nitrogen. Lakes 
in this region which do not receive 
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sewage pollution to any extent do not 
produce troublesome blooms of blue- 
green algae. It was concluded that the 
Madison lakes would stop producing 
troublesome blooms in the absence of 
sewage pollution. In a second paper, 
these authors (131) reported that all 
of these lakes contained about the same 
species of plankton algae and protozoa, 
and that the number of organisms was 
a poor criterion of production because 
of discrepancy in organism size. The 
number of blooms or peaks of produc- 
tion for any and all species coincided 
with the quantities of plant nutrient 
material available. 

Ellis (61) classified the components 
of trade wastes that are inimical to fish 
and related life into suspensoids, which 
smother bottom biota, organic matter 
contributing B.O.D. compounds affect- 
ing pH, salines and specific toxic ma- 
terials. He reviewed the characteristic 
action of each group on fish and dis- 
cussed means for correction. 

Hart, Doudoroff and Greenbank (87) 
presented a manual designed to fill the 
need for clearly defined biological 
methods of evaluating toxicity of in- 
dustrial wastes and chemicals to especi- 
ally recommended fresh water fishes. 
The methods have been standardized 
and reduced to comparatively simple 
procedures that should be usable by in- 
dependent investigators anywhere. The 
authors stated that the results of all 
standard evaluations may not be strict- 
ly comparable. Therefore, a more 
strictly standardized experimental test 
is proposed which provides for greater 
comparability and which is ealled a 
reference evaluation. <A reference eval- 
uation is one performed on any one of 
a limited variety of teleost fishes 
designated as reference test animals, at 
an experimental temperature which is 
within the limited reference tempera- 
ture range, and with experimental 
water which conforms with certain re- 
quirements and is designated reference 
water. The toxicity evaluation is based 
upon the median tolerance limit, which 
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is the concentration of the substance 
at which 50 per cent of the test ani- 
mals survive for a given test period, 
usually 24 hr. This manual is a volume 
of over 300 pages and includes a com- 
prehensive discussion of the problems 
and procedures for standard and refer- 
ence toxicity tests in twenty sections 
and twelve appendices. The sources, 
kinds, identification, size, acclimatiza- 
tion and fitness of test animals are 
adequately discussed as well as stock 
ponds and tanks, water supply, dis- 
solved oxygen and carbon dioxide ten- 
sion, temperatures, properties and pre- 
liminary examination of substances to 
be tested, and the performance, evalua- 
tion, reporting and use of toxicity tests. 
This volume should be of immense 
value to all of those interested in 
studying the effects of pollution in 
streams on fish life. 


Chemistry 


Todt (203) recommended determina- 
tion of phosphate, nitrate and ammonia 
for estimating the degree of pollution 
of a stream by domestic sewage. The 
value of phosphate as a criterion of 
pollution in streams has not been ex- 
tensively studied. Pomeroy and Kirsch- 
man (169) showed that the interfer- 
ence due to organic matter in the 
Winkler determination for dissolved 
oxygen can be reduced by increasing 
the iodide concentration in the alkaline 
iodide solution. They proposed that 
the iodide concentration in this solu- 
tion be increased from 0.9 N to 6 N. 
This seems desirable for raw sewage 
examinations but does not seem neces- 
sary for stream studies. Kaye and 
Weiner (121) contributed a modified 
semi-miero Kjeldahl nitrogen proce- 
dure which it may be desirable to use 
in stream pollution studies. Thomas 
(200) studied the self-purification of 
sewage polluted water flowing through 
an 80-meter channel. 

Ruchhoft and Meckler (178) contribu- 
ted a spectrophotometric procedure for 
determining the concentrations of both 
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unmodified alpha TNT and colored 
TNT in ditches and streams receiving 
wastes from TNT loading plants. 
Ruchhoft, LeBosquet and Meckler 
(179) reported that the conversion of 
alpha TNT to the colored form is the 
principal reaction which takes place 
when alpha TNT wastes are discharged 
into surface waters. During this 
conversion there is a slow reduction of 
the total TNT (25 to 35 per cent in 
80 days). Neither alpha nor the col- 
ored derivative of TNT is attacked bio- 
chemically and concentrations above 
one p.p.m. have a retarding effect on 
biochemical oxidation in polluted wa- 
ters. Consequently, no reduction of 
the alpha or colored TNT is obtained 
by natural purification in streams. The 
manual of Hart, Doudoroff and Green- 
bank (87) reviewed earlier also con- 
tains a section on the chemical con- 
ditioning and modification of water and 
a rather complete review on methods 


for the determination of dissolved 
oxygen. 

Standards 

The condition of the Mississippi 


River was determined by the examina- 
tion of 905 river samples per year at 
the Minneapolis-St. Paul Sanitary Dis- 
trict laboratory (15) and the detention 
period in the settling tanks was ad- 
justed between 0.8 hours and 1.4 hours 
according to the requirements needed 
to maintain satisfactory sanitary. con- 
ditions in the river. Murdock (158) 
reviewed the classification of streams 
on the basis of quality standards that 
are intended only as a means of de- 
scribing streams during a survey. 


Surveys 


The Tennessee Stream Pollution 
Study Board published a report (198) 
designed to provide members of the 
Tennessee General Assembly with the 
information needed to enact legislation 
to control the pollution of Tennessee 
streams. Thirty-three per cent of a 
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total population of 2,915,841 is con- 
nected to sewers and 100 m.g. of sew- 
age is discharged to the streams each 
day. The industrial wastes discharged 
each day have a population equivalent 
of 1.35 times the pollution contributed 
by domestic sewage. Sewage treatment 
at present reduces the domestic sewage 
load about 7.4 per cent and the indus- 
trial waste load about 1.0 per cent. 
More than 11 per cent of the streams 
of the state are moderately to seriously 
polluted. 

Heider reported on stream pollution 
surveys of a number of Indiana streams. 
His report on the lower Wabash (90) 
indicated that this stream ranks lowest 
in regard to the extent of sewage treat- 
ment in comparison with 13 other river 
basins in the state. Sewage and in- 
dustrial waste treatment at Terre 
Haute is urgently needed because of the 
serious public health hazard imposed on 
the Vincennes water supply. On the 
upper Wabash, Heider (97) reported 
that 14 municipalities comprising 36 
per cent of the population of towns 
and cities over 300 treat their sewage. 
In the lower Minor Ohio River Basin 
(91) only 5 per cent of the sewage re- 
ceived treatment. On the other hand 
73 per cent of the population in cities 
is served with surface water supplies. 
The Indiana state pollution control 
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agencies have urged that plans for 
treatment facilities on this basin be 
prepared. Heider also discussed the 
problem on the Maumee (92) the 
Whitewater (93), the Blue (94) the 
Museatatuck (95) and the Patoka (96) 
where 73, 49, 36, 27 and 15 per cent 
respectively of the municipal popula- 
tions are served with sewage treatment. 

The general introductory report on 
the Potomae River Basin (117) re- 
viewed the historical development and 
discussed the population distribution, 
the natural resources and the pollution 
problems of the basin. Sewage from 
a population of 1,520,000 is discharged 
into the system at a rate of 153 m.g.d. 
At present sewage treatment facilities 
reduce the sewage load to that of 
1,000,000 people. Industrial wastes are 
contributed by 98 industries. Forty- 
eight of these treat 32 m.g.d. in some 
manner before discharge, while 50 
plants contribute 20 m.g.d. untreated. 
The industrial wastes discharged have 
a population equivalent of 495,000. In 
addition the Potomac system receives 
172,000 lbs. of sulfuric acid per day 
from mine drainage and 196,000 cu. 
yd. of silt annually. There are three 
problem areas namely, the Washington 
metropolitan area, an area partly cov- 
ering the great valley and an area 
along the North branch of the Potomac. 
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STREAM SANITATION 


By G. R. Scortr 


Senior Sanitary Engineer, Health and Safety Department, Tennessee Valley Authority 


As man enters a virgin territory, he 
finds four basic resources available for 
his uses. Air and the sun’s energy he 
can use without changing or depleting 
the supply. The other two—land and 
water—must be changed as his civiliza- 
tion develops because his progress is 
dependent upon the values drawn from 
these two resources. This discussion is 
concerned with the values of water to 
this development. 

Mention of the word ‘‘ water’’ engen- 
ders a wide variety of mental pictures. 
Just now, inspired by a discussion of 
stream pollution, the picture might be 
of a foul, grossly polluted stream, teem- 
ing with pathogenic organisms. Later 
in the year, during vacation time, the 
picture might be a glass of cool, spark- 
ling water, a swimming pool, a place 
in which to fish, or to be used for other 
recreational purposes. At other times, 
depending upon one’s current interest, 
it might represent power, transporta- 
tion, or any one of the other uses to 
which water can be put. The writer 
hopes to present a somewhat different 
picture which, perhaps, might illus- 
trate the over-all value of water. 

Blood, carrying materials necessary 
for the growth and natural functions 
of living tissues, is forced by the heart 
through arteries and minute capillaries 
to all sections of the body. Here, the 
cells remove these materials and return 
to the blood the waste products of their 
metabolism. The blood then earries 
these wastes through the veins to the 
heart where it is again pumped, this 
time going to the lungs and other or- 
gans where the wastes are removed and 
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the blood prepared for its next cycle 
through the system. It is easy to ap- 
preciate the delicate balance of condi- 
tions which must be maintained within 
this medium if life is to continue. 
Comparable to this function of the 
blood is the role played by water in 
our civilization. For instance, water 
from a pure mountain 
pumped through a city’s arterial mains 
and eventually reaches each house and 
industry through small service connec- 
Here the water performs its 
necessary function and _ eventually 
leaves through the sewer system, to 
reach again the stream from which it 
originally came. But, as the water 
leaves the homes and industries, it ear- 
ries with it the waste products of the 
metabolism or activity of the commu- 
nity. As these wastes enter the stream, 
natural forces are brought into play 
which, if given sufficient time, will re- 
move or stabilize these pollutants. 
When this is accomplished, the water 
is again ready for use by a downstream 
community, and it may undergo nu- 
merous other such eyeles before it 
finally reaches the ocean. If these pol- 
lutants are not removed, the communi- 
ties downstream must search elsewhere 
for a suitable water supply. If they 
fail, they will be unable to realize their 
full potentialities in the developing 
economy, and it appears that failure on 
the part of a community to keep in 
step with progress results in retrogres- 
sion. Water, therefore, is a necessity, 
and it must be considered a valuable 
resource or even a community’s life 
blood. It should be protected and uti- 
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lized wisely for the optimum develop- 
ment of our civilization. 

In the early period of our history, 
when cities were small and sparsely 
located, the streams with their natural 
purification forces did a remarkably 
good job in serving us but, as the cities 
erew in size and industrial centers be- 
came more frequent, the load on the 
streams at times became too great for 
them to carry. A sufficient amount of 
time was not available for the purifica- 
tion of the waste materials and the 
streams lost their natural appearance 
and cleanliness. These conditions were 
reflected in the morbidity and mortal- 
ity records of the downstream cities. 
Water-borne epidemics were experi- 
enced which retarded the growth of 
cities and sometimes threatened even 
to destroy them. 

But civilization would not permit an 
interruption of its progress. By means 
of developing sciences and engineering 
skills, it was found that the water could 
be purified and rendered potable by 
slow sand filtration. Rapid sand filtra- 
tion, a more efficient method of puri- 
fication, was later perfected when the 
pollution became too great for slow 
sand filtration; and eventually dis- 
infection and all the methods now in 
use in a modern purification plant for 
the production of a clear, tasteless and 
odorless, as well as a_ bacteria free 
water, were developed to meet the 
erowing demands. 

Such methods, however, are not pre- 
ventive measures, in that they do not 
lighten the load carried by the stream, 
but are remedial measures designed to 
prepare the water for its next cyele. 
As such they constitute a vital, though 
in many eases a most expensive step in 
the utilization of this natural resource. 
[In some instances even the modern 
filter plant is unable to process the 
water to the degree necessary for the 
safety of the community. As this fact 
was realized, science and engineering 
skills created our present methods of 
sewage treatment. Such plants re- 
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move a portion of the polluting mate- 
rial from the sewage leaving a commu- 
nity, thereby lightening the load on the 
natural forces of purification operat- 
ing in the streams. This technique has 
now developed to the extent that do- 
mestiec sewage can be discharged into 
the streams in a state of purity com- 
parable to that of natural surface 
water. At the present time the over-all 
process of purification of our water 
supplies, or the preservation of this 
natural resource, consists of three com- 
plex steps—sewage treatment, natural 
purification, and finally the applica- 
tion of the methods used in modern 
water filtration plants. The first and 
third of these steps are man-made ef- 
forts to assist nature in maintaining 
the conditions for his 
progress. 

For continuing progress it is essen- 
tial that these three steps be so de- 
signed as to permit the most economical 
and effective use of this valuable re- 
source. While methods have been de- 
veloped for the treatment of domestic 
sewage to the extent that in most cases 
the natural forees of the receiving 
streams are readily able to prepare the 
water for the third step, in many cases 
municipalities have failed to realize 
their responsibility in treating their 
sewage. Also, comparable progress has 
not been made in developing methods 
for the treatment of industrial wastes 
and, in most instances, industrial 
wastes are discharged without modifi- 
cation into the receiving stream. As a 
result, many of our streams have be- 
come open sewers, so grossly polluted 
that they are unsuitable for use as 
water supplies or recreational purposes, 
and will not support desirable aquatic 
life. 

If the necessity for a balanced utili- 
zation of the three steps can be ac- 
cepted, the question might be raised as 
to the extent of treatment required to 
maintain this balance. A general an- 
swer to such a question would be with- 
out meaning because each case offers 
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a separate problem. Its solution will 
depend, among other things, upon the 
amount of water for dilution purposes 
and the uses to which the water is put 
by downstream users. Some of these 
uses are as follows: publie and indus- 
trial water supplies; methods of dis- 
posal for sewage and industrial waste; 
recreation ; fish life ; navigation ; power; 
irrigation; low flow regulation and 
general impoundage; and _ livestock 
watering. 

The need for maintaining streams 
suitable for public water supplies has 
already been outlined. Closely allied 
to this use is the use of water for indus- 
trial processes. Modern methods of 
water purification are used to remove 
pollutionai materials in order to meet 
the requirements for industrial uses. 
‘In many cases, these requirements are 
more rigid than those considered neces- 
sary for domestic purposes. These 
treatment processes cost money, and in 
many cases the characteristics of the 
water supplies have been important 
factors in the location of industrial 
plants. 

It must be realized that waterways 
must be used for the disposal of sewage 
and industrial wastes, but it is essen- 
tial that the total load of pollution 
should be kept low enough so that the 
stream can recover and be able to re- 
ceive additional wastes without the cre- 
ation of serious conditions. This 
should be done even though no water 
supplies are taken from the stream. 
Property rights, as well as the other 
uses of the stream, can be seriously 
affected by foul conditions. 

We are becoming a fast living peo- 
ple, and complete relaxation at peri- 
odie intervals is essential for the pres- 
ervation of our health. Recreational 
areas centered around streams and 
bodies of water are among places 
where such rest can be _ obtained. 
Streams improperly used for the dis- 
posal of sewage or industrial wastes 
are neither safe nor satisfactory for 
such uses. The Tennessee Valley is be- 
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coming conscious of its value as a rec- 
reational area; the State Department 
of Conservation estimates that in 1941 
Tennessee received over $104,000,000 
from recreational travelers. 

The development of a balanced aqua- 
tic life requires fairly clean water. 
Fish must depend upon an aquatic 
environment for life and must adjust 
themselves to the varying conditions 
in the streams or perish. Some of the 
conditions resulting from pollution, to 
which they cannot adjust, are the pres- 
ence of acids, alkalies, and toxic ma- 
terials in lethal concentrations, the ab- 
sence of oxygen and food, and the de- 
struction of spawning grounds. It is 
impossible to measure the value of 
sport fishing in Tennessee in mone- 
tary terms. .It is popular because in 
1943, 116,900 resident hunting and fish- 
ing licenses were sold, and in 1941, be- 
fore war restrictions, over 13,000 non- 
resident licenses were bought. 

The next two uses—navigation and 
power—can be seriously affected by 
corrosion of submerged structures if 
the water contains significant amounts 
of acid. Irrigation, also, can be seri- 
ously affected by acid waters. Where 
irrigation is practiced, the use of pol- 
luted waters on certain crops is pro- 
hibited because of the hazard to public 
health. 

Stream flow regulation can be affec- 
ted by pollution. In some cases, the 
requirements of dilution for down- 
stream pollution may be important fac- 
tors in the operation of the system. 

While the effect of pollution in sur- 
face waters on their use for watering 
livestock may not appear to be of much 
importance, it is actually a_ serious 
problem. In recent years, the courts 
have been full of lawsuits in which 
considerable amounts have been award- 
ed for damages caused by polluting 
materials carried by streams used for 
such purposes. 

The value of water and the need for 
its conservation have been appreciated 
in the Tennessee Valley for a con- 
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siderable period of time, as is evidenced 
by the regulations that have been 
passed from time to time to control the 
amount of pollution reaching the 
streams. These regulations have never 
proved adequate and, in 1935, the 
health officers of the seven Valley 
states requested the Authority to col- 
laborate in a study of the conditions of 
the streams and to determine the 
sources and characteristics of the pollu- 
tional material. This work began in 
the spring of 1936 and consisted of 
rather extensive studies of the Tennes- 
see River and its main tributaries, 
along with a comprehensive survey of 
all of the industries which discharged 
liquid wastes. The work was carried 
out in co-operation with the states and 
with the U. S. Public Health Service. 

The original investigations were fact 
finding in nature, and it was intended 
that the results were to be used in the 
preparation of regulations that would 
permit more effective control of pollu- 
tion. By 1943, however, it was realized 
that legislation alone would not be 
sufficient. Regulations controlling pol- 
lution will be necessary, but adminis- 
tration is recognized as of much more 
importance than the regulations them- 
selves. It was also realized that de- 
partments other than the health de- 
partments were very much concerned 
with the conservation of this resource 
and would be able to contribute valu- 
able assistance to the program. The 
program should be a co-operative one 
in which the departments of conserva- 
tion, planning, and agriculture could 
join with the health department in an 
effort to assist municipalities and in- 
dustry in solving their individual prob- 
lems. 

With this in mind, an understanding 
was reached with the state of Tennessee 
in which the interested departments of 
the Authority would collaborate with 
the state departments in determining 
the exact needs in the Valley and in 
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outlining fair policies under which the 
program could be carried out in order 
to meet these requirements. Later, 
a similar understanding was _ estab- 
lished with the state of North Carolina, 
and it is hoped that these principles 
ean be made Valley wide in the near 
future. 

Just recently the state has passed 
legislation for the control of pollution 
in Tennessee. The measure is pat- 
terned very closely after the legislation 
now in force in the State of Wisconsin, 
which has had remarkable success in 
cooperating with industry in the con- 
trol of pollution in that state. It is 
believed that with wise administration 
of this legislation satisfactory reduc- 
tions can be obtained in existing pol- 
lution, and adequate control can be 
maintained for future needs. 

The following paragraph from the 
report Stream Pollution in Tennessee, 
prepared by the Stream Pollution 
Study Board and submitted to the 
legislature in support of the bill, illus- 
trates the importance of surface waters 
in this state: 

‘‘Surface waters are used for many 
purposes and by most of the people in 
the State and, insofar as possible, the 
streams should be maintained in con- 
ditions suitable for these uses. In most 
cases, the value of these uses cannot 
be stated in exact terms but, without 
surface waters in. a usable condition, 
it is known that progress in Tennessee 
would be retarded and _ eventually 
cease. The important uses of surface 
waters include their use for public and 
industrial water supplies, fish and 
other aquatic life, recreation, agricul- 
ture, power, esthetic values, navigation, 
and sewage and waste disposal. All 
of these uses are important, and there 
is no reason why the surface waters 
of Tennessee cannot be used for all of 
these purposes if a sound, reasonable 
approach to the problem of surface 
water pollution is taken.’’ 
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CONSTRUCTIVE PUBLICITY IN PUBLIC RELATIONS 


Publicity, the best medium by which 
the public may be informed of the ex- 
istence and activities of the sewage 
works department, is an important tool 
in developing public relations. There 
is more than one kind of publicity, 
however, and it is just as necessary to 
avoid cause for newspaper stories con- 
cerning odor nuisances, fish destruction 
and damage suits resulting from neg- 
ligent operation as it is to create a 
basis for favorable articles. The wrong 
kind of publicity represents public re- 
lations in reverse. 

There is too often a false modesty 
about notifying the local newspaper of 
happenings that may reflect credit to 
operation and administrative person- 
nel. To keep such information from 
the publie is actually unfair, for the 
taxpayer is entitled to know what goes 
on in the governmental services he 
pays for. 

The fundamental step in securing 
constructive publicity is to make con- 
tacts with local newspaper people, par- 
ticularly the reporter who has muni- 
cipal affairs as his ‘‘beat,’’ and to make 
them acquainted with the facilities you 
have and what you do with them. 
Maintain these contacts and keep them 
on a friendly basis; a good story be- 
comes better when written by a report- 
er who is a personal acquaintance. Do 
not hesitate to phone in an item that 
has news value; the newspaper people 
will prepare the article on the basis of 
their judgment as to the space it justi- 
fies. 

These are a few of the things that 
may be developed into news items: 

1. Plant or sewer system improve- 
ments that increase efficiency or reduce 
costs. 
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2. Financial developments, such as 
bond retirement payments. 

3. Inspections by state engineers. If 
the first fundamental of public rela- 
tions is fulfilled—a job well done—the 
inspection report, when received, 
should make a particularly good story. 

4. Annual operation reports. A half- 
hour with the newsman will enable him 
to extract items of news value, such as 
operation costs, stream conditions, 
plant efficiencies, ete., and to restate 
them in non-technical language for 
public consumption. 

5. Visitors who may be well known 
or from distant places. A reporter 
will frequently welcome the oppor- 
tunity to interview such persons. 

6. Pictures taken during a flood, af- 
ter a heavy snow fall, of the flower 
garden or showing such an unusual 
scene as an ice covered, nozzle type 
trickling filter—all have news value. 
At Bloomington, Ill., an enterprising 
photographer considered the plant 
grounds so attractive that he repro- 
duced color scenes in the form of post 
cards, 

7. Personal items regarding depart- 
ment employees and officials. News of 
honors and awards, participation and 
attendance at technical meetings, etc., 
is particularly sought by reporters. 

There will be other specialized source 
material for good publicity from time 
to time and such possibilitées should 
always be utilized. Newsmen them- 
selves may create opportunities, as in 
an instance in our own experience. <A 
local reporter, while covering a story 
on a flood at the plant, became inter- 
ested in the facilities by which sewage 
and outlet stream flows were measured. 
Thereafter, each time a rainfall of un- 
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usual intensity occurred, statistics on 
stream and sewage flows (credited to 
the sanitary district as source) became 
just as much a part of his article as 
the data from the weather bureau. 
All this ean be done without the de- 
partment head being placed in the 
position of appearing to be seeking 
personal ‘‘glory.’? The publicity must 
be of the constructive type that em- 
phasizes the service being rendered by 
the sewage works, it must have real 
news value and it should be well timed. 
One or two newspaper pieces a month 


” 


will suffice to keep the public properly 
informed and reminded of department 
activities. The press agent’s axiom 
that ‘‘It does not matter whether the 
news is good or bad—just so you get 
your name in the paper!’’ does not 
apply here. 

Publicity is the lever by which pub- 
lic opinion is moved. Use it properly 
and it will elevate sanitation functions 
to their proper position in the public 
eye as an important community sery- 
ice. 


W. Bow. 


OPERATION OF MECHANICAL SCREENS, GRIT 
CHAMBERS AND CLARIFIERS * 


By W. A. DarBy 


Eastern Manager, Sanitary Engineering Division, The Dorr Company, New York, N.Y. 


“Good housekeeping’’ is important 
at any sewage treatment plant. Clean- 
liness is particularly important at the 
bar sereens and grit chambers, which 
are generally the most offensive units 
of all. Liberal use of flushing hoses 
and routine cleaning schedules pay 
dividends. Even if the sereens and 
erit chambers are kept in as clean a 
condition as possible, they are not too 
sightly; ertra care and effort is re- 
quired at these units. 


Functions 

Bar screens are installed for the re- 
moval of coarse bulky solids that may 
be organie or inorganic and grit cham- 
bers are provided for the removal of 
heavy silt and sand that is usually in- 
organic. These units should be con- 
sidered more in the nature of protec- 
tive devices for subsequent units than 
as treatment units in themselves. 
Their main functions are to remove 
materials which, if left in the sewage, 

* Presented at Lecture-Laboratory Course 
on Sewage Treatment and Disposal, sponsored 
by the Pennsylvania Sewage Works Assn. at 
St. Joseph’s College, Philadelphia, Pa., on 
April 25, 1945. : 


would cause operating difficulties later 
in other parts of the plant. The actual 
amount of material removed from the 
sewage by these units will be small 
compared to the removal by the plant 
as a whole. The bar screens will re- 
move about 2 to 3 cu. ft. of wet mate- 
rial per million gallons, and the grit 
chambers will average about 1.0 to 2.0 
cu. ft. of wet sand per m.g. These re- 
movals may be expected when treating 
an average domestic sewage from a 
separate sewer system. 


Bar Screens 


The leneth of time and schedule of 
operation of mechanically cleaned bar 
sereens is usually controlled by auto- 
matie devices. One type of device is a 
differential float control that is aetu- 
ated by the loss of head through the 
bar rack. This differential is generally 
set for 2 to 3 in. When this loss is ob- 
tained, the screen is automatically 
started and continues to operate until 
the sereen is clean. <A limit switch is 
provided that will stop the cleaning 
device at any predetermined point. A 
switeh for Hand-Off-Automatie control 
is provided. 
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Another type of control used with 
bar screens is an automatic time clock. 
This clock normally has a day and 
night schedule and may be set for a 
desired number of minutes operation 
out of each hour. Either the length of 
time per operation or the number of 
operations per hour is greater for the 
daytime setting than the night setting. 
When time clocks are used, a maximum 
water level float switch is also used to 
protect the screen chamber in case the 
screen becomes blinded due to sudden 
surges and the time setting would not 
automatically start the screen cleaner. 
Limit switches are also provided with 
this type of control to stop the screen 
cleaning mechanism at any predeter- 
mined point. A Hand-Off-Automatic 
switch is also normally furnished with 
this type of control. 


Grit Chambers 

The grit chamber equipment is nor- 
mally furnished with simple magnetic 
starters and possibly push button con- 
trols. Continuous operation is safest, 
but the size of the plant, rate of dis- 
charge of sand to the plant, ete., are 
factors governing continuous or inter- 
mittent operation. 

The work of these units is not par- 
ticularly spectacular, but is the most 
rugged part of the work done at a 
plant. Their work is similar to that of 
the guards on a football or basketball 
team; they are not usually in the lime- 
light, but the team is not continually 
successful without good guards. The 
same is true of the part played by the 
bar sereens and grit chambers in 
euarding the rest of the plant. 


Assumed: Flow of 1 m.g.d. raw sewage. 
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Primary Clarifiers 


The clarifiers have for their main 
purpose the removal of settleable solids. 
The floating scum usually removed 
from the surface of these tanks is sec- 
ondary in importance to the settled 
solids removed from the bottom. 

The major work in a plant, in so far 
as the removal of solids is concerned, 
is done by the clarifiers. In a primary 
treatment plant, the amount of solids 
removed by the clarifiers, compared to 
the over all plant removal, will be 90 
per cent or more of the total. Conse- 
quently, the operation of the clarifiers 
should be watched very closely to make 
sure that they are operating at maxi- 
mum efficiency. 

Sludge should be removed from the 
clarifiers in as fresh and thick a condi- 
tion as possible. No hard and fast rule 
ean be given for removal of the sludge, 
as the frequency of removal, method, 
ete., will be determined by the flow 
sheet of the plant, character of the raw 
sewage, including temperature, fresh- 
ness, volatile content of the solids, ete. 
In some eases it may be satisfactory to 
pump sludge from the clarifiers once 
or twice a day, whereas in other cases 
more frequent pumping is necessary to 
prevent staleness or septic action in the 
clarifiers, and at the same time main- 
tain a thick underflow from the units. 

The following comparisons show, for 
a given weight of dry solids, the dif 
ferent volumes of sludges produced at 
different concentrations of solids in a 
primary and also a complete treatment 
plant : 


Sewage with 250 p.p.m. suspended solids, equivalent to 2,083 Ibs. dry 


solids daily. 


Wet sludge at 63 lbs. per cu. ft. 
Primary treatment—60% removal of suspended solids = 1,249 Ibs. 


solids per day. 


Complete treatment—95‘~ removal of suspended solids = 1,979 Ibs. 


solids per day. 








ge 


Vol. 18, No. 2 
Example I—Primary Treatment 
5¢ 
§ ¢ 


Excess water = 9,368 Ibs. 
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~ solids in sludge = 24,980 lbs. wet sludge = 395 cu. ft. 
© solids in sludge = 15,612 Ibs. wet sludge = 248 cu. ft. 


= 147 eu. ft. 


Thus, there is 60 per cent more water pumped with sludge containing 5 per 
cent solids than with sludge at 8 per cent solids. 


Example II—Complete Treatment 


) 


5% solids in mixed sludges = 39,580 lbs. wet sludge = 


= 26,387 Ibs. = 


Excess water 


3, solids in mixed sludges = 65,967 Ibs. wet sludge = 1,047 cu. ft. 


628 eu. ft. 
419 eu. ft. 


Thus, there is 67 per cent more water pumped with sludge containing 3 per 
cent solids than with sludge at 5 per cent solids. 


[It is apparent from the above that it 
is necessary to watch closely the sludge 
pumping operation. A small differ- 
ence in the percentage of solids in the 
sludge pumped to the digesters may 
have an appreciable effect on the effi- 
ciency of operation. Concentrated 
sludge will result in longer detention 
time for the solids in the digesters and, 
therefore, a better digested sludge, less 
digester supernatant returned for re- 
treatment, better digester supernatant 
liquor, and less heat required for rais- 
ing the temperature of a raw sludge 
to that of the digesters. 

Removal of scum from the surface 
of the clarifiers, where it is not done 
mechanically, will be a matter of 
judgement. The seum_ should: never 
be allowed to build up to such depth 
that it will be carried underneath the 
scum baffle and out into the effluent. 
After scum from the clarifiers has been 
pumped to the digesters, raw sludge 
should be pumped through the line to 
flush out the greasy material. Although 
it may not entirely prevent building up 
of grease in sludge lines, this sequence 
of scum and sludge pumping will assist 
in keeping the lines clear. 

Special automatic controls are not 
normally furnished for clarifier units. 
A simple starter is usually furnished 
with a push button near each unit. 
lor best operation the clarifier mechan- 
isms should be run continuously. Con- 
tinuous operation will provide for 


ereater removal of suspended _ solids, 
thicker sludge, and less floating sludge. 
The last point is due to the fact that 
with the mechanism operating, the gas 
bubbles formed in the first stages of 
septic action will be broken and will 
not be allowed to build up to the ex- 
tent that islands of sludge are floated 
to the surface. 

Maintenance of equipment may be 
considered a part of operation. A ser- 
ies of articles published in several is- 
sues of Sewage Works Engineering in 
1943 dealt with equipment mainte- 
nance in sewage treatment plants dur- 
ine war times. Detailed maintenance 
information submitted by several of the 
manufacturers of sewage treatment 
plant equipment was used as a basic 
for the data assembled and presented 
by Morris M. Cohn in this series. <A 
review of these articles is recommended 
to those who seek specific maintenance 
information. 


Conclusion 

Bar screens, grit chamber mechan- 
isms, and elarifiers are usually fur- 
nished by companies having experi- 
enced field service men. When the 
equipment is first put into operation, 
these men are generally present at the 
plant and it is then that the operator 
should receive thorough instructions in 
the operation and maintenance of the 
equipment. Operating and mainte- 
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nance instructions, in printed form, are 
also furnished by the equipment manu- 
facturers for future reference. These 
should always be kept at the plant in 
some place of easy access and not re- 
moved. by the general contractor or 
filed in the city hall. By following these 
recommendations in detail, the best 
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service and the longest life can be ob- 
tained from the equipment. 

In these days of overload plants, 
understaffed personnel and, in many 
eases, old equipment, it is up to the 
operator to obtain the best operation 
possible from what he has, and to make 
it last. 


SEWAGE CHLORINATION—REASONS 
AND RESULTS * 


By Harry A. FABER 


Research Chemist, The Chlorine 


An understanding of the principles 
involved in sewage chlorination will 
enable those using the process to apply 
it in particular treatment plants with 
maximum efficiency and economy. It 
is the purpose of this paper, first, to re- 
view some of the chemistry and bac- 
teriology of the reactions which occur 
when sewage is chlorinated and, second, 
to illustrate how these fundamental 
principles may be used to improve 
plant operation. 

Chlorine is applied to sewage in 
order to accomplish one or more of 
three well established purposes: dis- 
infection, B.O.D. reduction, or the con- 
trol of odors and septicity. Other 
specialized applications of chlorine in 
sewage treatment include control of 
activated sludge bulking, correction of 
trickling filter pooling, thickening of 
sludge, and removal of grease. 


Chlorination for Disinfection 


The first of these purposes, chlorina- 
tion to kill bacteria present in sewage 
effluents, was the earliest and is still 
the most important reason for sewage 
chlorination. This is because treated 
sewage ultimately flows into running 
streams. When such streams are used 

* Presented at Lecture-Laboratory Course 
on Sewage Treatment and Disposal, sponsored 
by the Pennsylvania Sewage Works Assn. at 
St. Joseph’s College, Philadelphia, Pa., on 
May 16, 1945. 





Institute, Inc., New York, N. Y. 


for municipal water supplies, for pub- 
lie bathing places, or for the growing 
of shellfish, it is undesirable that they 
be polluted with bacteria which may 
produce disease. 

The processes of screening, sedimen- 
tation, and biological treatment are ex- 
tremely important in removing settle- 
able and suspended solids from sewage, 
but they alone do not insure the 
elimination or destruction of patho- 
genic bacteria. The excrement of hu- 
mans contains millions of bacteria. 
Many of these are dead cells, many of 
these are harmless types of bacteria, 
but many, too, may be bacteria capable 
of producing diseases such as typhoid 
fever. The living bacteria in raw sew- 
age generally average from many 
thousand to several million per cubic 
centimeter of sewage. 

In studying the use of chlorine for 
disinfection of sewage there are two 
points to consider: the action of chlor- 
ine in killing bacteria, and the action 
of chlorine on other substances in the 
sewage. The exact manner in which 
chlorine acts to destroy the norma! 
life processes of bacteria has not, as 
yet, been explained. This is probably 
because several physical and chemical 
processes are involved in the death of 
bacteria. Like all animal and vege- 
table cells, bacteria are permeable to 
water. That is, water and materials 

fin solution are able to penetrate the 
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cell wall and be absorbed by the proto- 
plasm. Since chlorine liberates nascent 
oxygen from water, it was early as- 
sumed that this nascent oxygen oxi- 
dized the bacterial cells and destroyed 
them. Nascent oxygen is formed thus: 


Cl. + H,O = HCl + HClO 
HCI1O = HC1+0 


Many years ago it was suggested this 
theory could account for only a part 
of the killing which takes place, and 
it was shown that chlorine compounds 

not eapable of liberating nascent 
oxygen—possessed an equally toxic 
effect. In recent years the destruction 
of bacteria by chlorine has been re- 
varded as a process in which chlorine 
actually combines chemically with the 
protein constituents of the protoplasm, 
killing the organism either by the for- 
mation of poisonous compounds or by 
actual coagulation and precipitation of 
the proteins. 

The presence of suspended organie 
matter and solids in sewage interferes 
with the killing action of chlorine. Ac- 
tually, a very small fraction of the 
added chlorine is used directly in de- 
stroying bacteria, since the largest por- 
tion is taken up in reacting with other 
substances. The organic matter, by ab- 
sorbing large amounts of chlorine, may 
leave too little available for disinfec- 
tion. If the bacterial cells are im- 
bedded in organic matter they will be 
protected from the chlorine because it 
will be difficult for chlorine to pene- 
trate the organic matter. Another 
very important interference with dis- 
infection efficiency is the presence of 
reducing substances in sewage. Ma- 
terials such as hydrogen sulfide will 
actually neutralize the chlorine and 
thus decrease its killing power. 

When chlorine reacts with organic 
matter, chlorine substitution products 
such as chloramines or chloro-proteins 
are formed. These compounds either 
possess delayed or slow-acting disin- 
fectant properties or are at least made 
unfit for bacterial food. Some killing 
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of bacteria may be due to these chloro- 
products, but they alone cannot pro- 
duce complete or dependable killing of 
bacteria. Only by providing excess 
chlorine over that required by the or- 
ganic and reducing substances in sew- 
age can the death of bacteria be in- 
sured. 

When chlorine is added to sewage 
it reacts rapidly with the various or- 
ganic materials, the reducing substances 
and bacteria. The amount of chlorine 
that will be required to satisfy the de- 
mand of these substances in sewage 
and leave a slight excess amount is 
called the chlorine demand. The chlor- 
ine demand of sewage will increase as 
the sewage changes from fresh to stale 
or septic, because sulfur compounds 
are decomposed by the action of bae- 
teria with the liberation of hydrogen 
sulfide. The presence of hydrogen sul- 
fide in sewage greatly increases the 
chlorine demand, since action between 
chlorine and hydrogen sulfide is a rapid 
one in which sulfur is precipitated. 

3ecause of the numerous and rapid re-— 
actions which take place between chlor- 
ine and substanees in sewage other than 
bacteria it is obvious that this chlorine 
demand must be satisfied and an ex- 
cess amount of chlorine must be present 
in order to effect prompt killing of 
bacteria. This excess amount of chlor- 
ine is termed residual chlorine. When 
residual chlorine is present during the 
contact period provided, disinfection of 
most sewages may be expected to be 
complete. 

From recent work it appears that 
the settleable parts of sewage require 
about 30 per cent of the chlorine de- 
mand, the non-settleable and finely sus- 
pended solids require about 40 per cent 
of the demand, and the soluble ma- 
terials require about 30 per cent. 
Thorough and rapid mixing of chlorine 
and sewage is important to insure best 
utilization of the chlorine. 

It has been found most desirable to 
specify chlorine dosage on the basis of 
the amount required to produce a defi- 
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nite excess or residual. The test for 
residual chlorine can be easily per- 
formed in a few minutes, and will show 
immediately whether the sewage, what- 
ever its chlorine demand, is being ade- 
quately chlorinated. 

The disinfection or contact period is 
the length of time between the instant 
at which chlorine is applied to the 
sewage and the time when the residual 
ehlorine is measured. During this time 
chlorine combines with reducing sub- 
stanees, organic matter, and bacteria. 
If the contact period is at least 15 to 
30 minutes, and residual chlorine is 
present at the end of this time, there is 
reasonable assurance that sufficient 
chlorine has been added to kill patho- 
genic bacteria. 

Sewage does not have the same chlor- 
ine demand during all of the 24 hours 
of the day, during each day of the 
week, or during the various seasons of 
the year. The major cause of varia- 
tion in demand is the change in con- 
centration of organic matter in the 
sewage with the time of day or with 
the day of the week. 
another factor, and its effect is noted 
by changes in chlorine demand at vari- 
ous times of the year. The demand of 
both raw and treated sewage shows 
variations from such causes and, of 
course, the application of chlorine 
must be varied in accordance with the 
changes in volume or flow of sewage. 

In order to insure an ample excess 
or residual chlorine at all times to dis- 
infect the sewage properly, the test 
for residual chlorine should always be 
made at the time when the sewage 
effluent is the strongest. or when it 
requires the largest dose for treatment. 
3y making a series of residual chlorine 
tests to determine when the sewage has 
its greatest chlorine demand, the time 
of maximum dose requirement may be 
determined. Then, such a test should 
be made at the same time each day. At 
most plants the demand will be great- 
est during the forenoon. During the 


Temperature is 
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later part of the day the chlorine de- 
mand will probably decrease to a con- 
siderable extent. It will then be pos 
sible to decrease the chlorine applica- 
tion and still maintain the desired 
residual for the weaker sewage. 

Chlorine application could be 
changed frequently by manual contro! 
each hour or regularly by an auto- 
matic chlorinator and, while this con- 
trol would result in the greatest econ- 
omy of chlorine, in a small plant this 
would be expensive and impractical. 
Determining the maximum chlorine de- 
mand and rate of flow during each 
period, setting the chlorine rate at & 
A.M., 4 P.M., and midnight will give 
about the maximum efficiency of plant 
operation. When the plant must be 
run by one operator, the chlorine dose 
may be set in the morning to insure an 
adequate residual at the time of great- 
est chlorine demand during the day 
and set again when he leaves in the 
afternoon for that dose which will be 
required to insure an ample residual 
at the time of greatest chlorine demand 
during the night. 

Oceasional bacteriological — tests 
should be made to determine, both be- 
fore and after chlorination, the number 
of bacteria in the sewage. This will 
indicate the number of per cent of the 
bacteria which are killed by chlorina- 
tion. Furthermore, the types of bac- 
teria may be determined. But such a 
study requires time, special experience 
and equipment, and is unnecessary for 
routine plant operation. The residual 
chlorine determination shows within a 
few minutes whether or not the dose of 
chlorine is adequate to maintain the 
required residual. In general, the resi- 
dual specified is based on the par- 
ticular treatment plant conditions, and 
various state health departments re- 
quire that residuals ranging from 0.2 
p.p.m. to 1.0 p.p.m. chlorine be main- 
tained after contact periods of from 
15 to 30 minutes. 
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Reduction of Biochemical Oxygen 
Demand 

When the recommended procedure 
for sewage chlorination is followed, not 
only will the desired bacterial reductions 
be obtained, but a marked reduction in 
oxygen demand of the effluent will be 
accomplished. After sewage effluent is 
discharged to a stream that has a dis- 
solved oxygen content higher than that 
of the sewage effluent, further purifica- 
tion of the sewage by aerobic bacteria 
takes place. But this depletes the dis- 
solved oxygen content of the stream 
because aerobic bacteria are those types 
requiring oxygen for their life process. 
So much oxygen may be required that 
the amount in the stream may be seri- 
ously depleted. If the oxygen supply 
of a stream is low, objectionable fungus 
erowths may occur and fish may be 
killed. 

If the B.O.D. of a sewage is reduced 
by chlorination, less load or pollution 
is contributed to the receiving stream. 
It appears that, the organic materials 
in the sewage that serve as food for 
bacteria and would be acted upon with 
the removel of oxygen from the stream 
become unsuitable for food after chlor- 
ination. In fact, these organic chloro- 
compounds are toxic to bacteria and 
are not reduced with the utilization of 
oxygen, or are very slowly made avail- 
able for food. 

Chlorination to the recommended 
point produces a reduction in oxygen 
demand of the effluent of from 15 to 35 
per cent. The reduction is roughly 
proportional to the quantity of chlorine 
absorbed by the sewage. For 42 
samples of different sewages studied, 
the 5-day B.O.D. reduction was 2.4 
p.p.m. for each 1 p.p.m. chlorine added. 
When sewage was very stale the aver- 
age reduction of B.O.D. was 2.6 p.p.m. 
for each 1 p.p.m. chlorine added. The 
application of chlorine for reduction of 
B.O.D. is of particular advantage to 
primary treatment plants, since the 
usual 30 per cent B.O.D. reduction may 
be increased to as much as 50 per cent 
when the effluent is chlorinated. 


SEWAGE CHLORINATION 


295 


If the oxygen supply of a stream 
receiving sewage is greatly depleted, 
anaerobic growths will occur. That is, 
bacteria which grow in the absence of 
air will break down food materials in 
the sewage with the production of sep- 
tic conditions or foul decomposition 
odors. When the oxygen demand of 
the sewage effluent is reduced by chlor- 
ination these anaerobic conditions may 
be prevented. Normal reaeration of 
the stream may then occur and the 
added sewage will not impose too great 
a load and consequent pollution. Even 
when a plant is well operated, the re- 
ceiving stream may be of inadequate 
capacity during hot summer months 
and periods of low rainfall to produce 
a satisfactory effluent. Riparian own- 
ers have been successful in a number of 
stream pollution suits and chlorination 
may be an economical emergency meas- 
ure for maintaining proper stream con- 
ditions. 


Odor Control by Chlorination 

Domestie sewage which is fresh and 
contains some dissolved oxygen does 
not have an offensive odor, but when 
it becomes old or stale through the 
accumulation of sewage solids or be- 
cause of long flows, decomposition sets 
in. Hydrogen sulfide (H2S) is the 
most important odor produced as a re- 
sult of. such decomposition. At low 
temperatures, or. when the sewage is 
diluted by rainfall, there may be a 
little or no production of hydrogen sul- 
fide. 

The conditions that favor hydrogen 
sulfide production are: high tempera- 
ture of the sewage, long flows and 
solids deposition in sewers, the pres- 
ence of sulfates and of certain indus- 
trial wastes in the sewage. Under 
favorable conditions, sulfur-splitting 
bacteria decompose sulfates and other 
sulfur compounds and release hydro- 
gen sulfide gas. The addition of chlor- 
ine to produce the residual desired for 
disinfection will suppress or prevent 
the action of the sulfur-splitting bac- 
teria and will react with hydrogen sul- 
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fide already produced to precipitate 
the sulfur. The precipitated sulfur is 
no longer volatile or odorous but may 
be present in such an amount as to add 
to the turbidity of the sewage, thus: 


H.S + Cl. =F + S 


If chlorine is to be added merely for 
the purpose of preventing hydrogen 
sulfide odors, it is usually unnecessary 
to add sufficient chlorine to satisfy com- 
pletely the chlorine demand and _ pro- 
duce a residual. The odor reduction is 
approximately in proportion to the 
chlorine added. In ease sufficient 
chlorine to secure a residual is not 
carried through the plant, however, it 
will be necessary to add a second dose 
of chlorine to the plant effluent to in- 
sure disinfection. Theoretically, 2 
p.p.m. of chlorine are required to com- 
bine with 1 p.p.m. of hydrogen sulfide, 
but in actual plant experience con- 
siderably more than this quantity will 
be required. From two to five times 
the theoretical amount is 
necessary. This is because chlorine is 
rapidly reacting with the organic mat- 
ter and bacteria present at the same 
time it is being reduced by the hydro- 
gen sulfide. Therefore, since the addi- 
tional chlorine is used for disinfection 
and B.O.D. reduction it is not wasted. 

When chlorine is applied for odor 
control, it is generally applied as the 
raw sewage enters the treatment plant. 
By this procedure the settling tanks 
are maintained in a fresher condition, 
odors are reduced or eliminated, effec- 
tive chlorine contact time is obtained, 
and final disinfection is simplified. In 
most plants less chlorine is required by 
this procedure than by chlorination 
for disinfection alone. The chlorina- 
tion of sewage as it enters the plant 
may not be enough treatment to control 
odors, and it may be more desirable to 
chlorinate the sewage in the sewers 
some distance ahead of the plant. Even 
less chlorine might be required by this 
method because less is required to pre- 
vent the action of sulfur-splitting bac- 
teria than to precipitate the sulfur 
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after hydrogen sulfide has been pro- 
duced. 


Other Uses for Chlorine 

In the operation of trickling filter 
plants, it sometimes becomes necessary 
to remove growths which may clog the 
surface of the filters and result in pool- 
ing. The application of chlorine on 
hypochlorites to pooled filters has been 
proven a successful control measure in 
a number of plants. Loosening and re- 
moval of surface growths has generally 
been accomplished by the application 
of a heavy dose of chlorine in the 
effluent discharged to the filters for a 
period of several days. At the same 
time this may loosen and remove the 
erowths in the distributing system. 

If the interstices between the filter 
stones are clogged by an accumulation 
of solids or grease the passage of air is 
reduced and the filter will not function 
properly. Adequate preliminary treat- 
ment will prevent such an aeeumula- 
tion, but chlorine may be necessary to 
loosen accumulated deposits and main- 
tain the filter in a clean condition. The 
weight of opinion indicates that with 
reasonable dosing the effect of chlorine 
on nitrification produced in sprinkling 
filters is not harmful. In certain eases 
it is held to be beneficial but it is pos- 
sible that the improvements noted may 
be due to the removal of scum or cloe- 
eing material to permit better aeration. 
The chlorination of sewage applied to 
sprinkling filters has apparently some 
value as a means of controlling filter 
flies. The effect is greatest on the 
larvae, and the increase of adult flies 
is thereby prevented. Some observers 
have noted the reduction of odors 
prevalent at trickling filters when chlo- 
rine is applied. 

In the operation of activated sludge 
treatment plants, the bulking of sludge 
in final settling tanks frequently re- 
sults in the discharge of a turbid efflu- 
ent. The application of chlorine, gen- 
erally to the return sludge, has been 
proven a successful control measure in 
a number of plants. Improvement in 
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the settling characteristics of the re- 
turn sludge and of the mixed liquor 
may result within a few days after 
starting chlorine treatment and chlo- 
rination may be required only inter- 
mittently for this purpose. 

Sufficient experience has been ob- 
tained with this application to show 
that the continuous treatment of return 
sludge, with a relatively small dose of 
chlorine, should be started as soon as 
the first stages of bulking appear. Not 
all types of bulking activated sludge 
ean be corrected by chlorination, but 
that caused by the excessive growth of 
fungus types of organisms in sludge— 
which is a prevalent type—has fre- 
quently been corrected by this method 
of treatment. It appears that the chlo- 
rine dose must be adequate to restrict 
the development of fungus organisms, 
but not so heavy as to destroy other 
biological growths. Some _ activated 
sludge treatment plants now employ 
return sludge chlorination successfully 
as a routine part of treatment. 

In the operation of sludge thicken- 
ing units, for concentrating waste acti- 
vated sludge prior to digestion, the 
sludge often proves difficult to settle. 
Chlorination of the supernatant liquor, 
or carefully controlled chlorination of 
the sludge itself, has been adopted in 
several installations as an important 
aid to settling. Poor settling is gener- 
ally due to biological action which pro- 
duces gas bubbles in sufficient quantity 
to keep sludge particles dispersed. 
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When biological action is reduced by 
chlorination, the sludge is permitted to 
settle in a quiescent state and more 
concentrated solids can be withdrawn 
to digesters. 

In the operation of activated sludge 
treatment plants, poor aeration may be 
caused by the presence of abnormally 
large concentrations of grease in the 
raw sewage. While a large proportion 
of grease is alwxys removed with settle- 
able solids in the primary settling 
units, it has been found in some treat- 
ment plants that prechlorination in 
conjunction with preaeration results in 
a considerably improved removal of 
erease in primary settling. When the 
amount of grease carried into aeration 
units is decreased, a return sludge 
lower in grease content and having a 
ereater oxidizing ability is produced. 

These additional uses of chlorine in 
sewage treatment are thus seen to be 
especially applicable to improving the 
operation of overloaded plants. Chlo- 
rination may be employed as an inte- 
eral part of plant operation for dis- 
infection, for B.O.D. reduction, or for 
controlling odors and septicity ; it may 
be employed for specialized purposes 
in conjunction with biological treat- 
ment processes. Among all other meth- 
ods of sewage treatment, chlorine is 
peculiarly suited to oxidizing, steriliz- 
ing, controlling odors, retarding de- 
composition, and coagulating protein 
matter. These characteristics should 
be utilized in plant operation. 


OPERATION AND MAINTENANCE OF 
MECHANICAL EQUIPMENT * 


By STANLEY E. KAppre 


District Engineer, Chicago Pump Co., Washington, D. C. 


The municipal sewage works of today 
is highly mechanized in comparison 


* Presented on May 23, 1945, at Lecture- 
Laboratory Course on Sewage Treatment and 
Disposal, sponsored by the Pennsylvania Sew- 
age Works Assn. at St. Joseph’s College, 
Philadelphia, Pa. 


with those in the not too distant past. 
This mechanization has brought new 
and greater responsibilities to operat- 
ing staffs and crews. The writer does 
not agree, however, with the view in 
some quarters that the average sewage 





298 SEWAGE WORKS JOURNAL 


treatment plant is becoming too highly 
mechanized and too complicated for the 
type of operators available. 

There is a heavy investment of pub- 
lie funds in sewage treatment plants 
and sewerage systems. The operator 
has a great financial responsibility— 
the protection of this original invest- 
ment while holding maintenance and 
repair costs to a minimum. What can 
the operator do to prevent failures and 
keep maintenance and repair costs at 
a minimum? The first answer is for 
him to become intimately familiar with 
all the equipment in his plant and with 


the conditions under which it must 
function. 
The operator should study  thor- 


oughly the instruction books furnished 
with the equipment. If any of these 
manuals are not at hand, copies will 
be gladly furnished upon request of 
the manufacturers. The instruction 
books will provide basic maintenance 
information, both in regard to con- 
struction features of the equipment and 
in the theory of operation. The oper- 
ator should become familiar enough 
with the equipment so that he can tell 
at a glance whether or not it is fune- 
tioning properly. 

Unfortunately, most of us do not 
take time to familiarize ourselves with 
equipment. We wait until an emer- 
geney arises and learn the hard way. 

Reputable and reliable manufactu- 
rers through field investigations, re- 
search laboratory studies and improve- 
ments in technique of manufacture, try 
to furnish equipment that is depend- 
able, accurate, long-lived and trouble- 
free. The consulting engineer and 
contractor should see that the equip- 
ment is properly installed. Thorough 
inspection during construction and in- 
stallation is very important and elimi- 
nates faulty operation when the equip- 
ment is placed in service. Many trou- 
ble jobs and costly repairs can be 
traced to poor installation. The oper- 


ator should co-operate by seeing that 
the equipment is given proper care. 
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If something goes wrong, give the de- 
signing engineer and manufacture an 
opportunity to offer suggestions and 
help correct the troublesome condition. 
Most consulting engineers and manu- 
facturers are agreeable and will go out 
of their way to help correct trouble 
jobs. 

Proper care and attention means 
good housekeeping. It is easier to keep 
equipment clean and in repair than it 
is to make emergency repairs where 
everything is covered with grease, dirt 
or sludge and where the various parts 
are rusted together. 


Inspection 

The operator’s work begins and ends 
with thorough inspection, as frequently 
as the service requires. Although 
equipment is designed for automatic 
operation, its maintenance is not. <A 
small amount of regular manual atten- 
tion will help maintain operation at 
peak efficiency and keep maintenance 
costs down. 

A complete record of inspection and 
servicing should be made on cards or 
forms suitable for the purposes re- 
quired and kept on file. Each operator 
should report on equipment during 
each shift, thus enabling immediate 
maintenance if necessary. The fre- 
quency of inspection and degree of 
thoroughness will vary with the loca- 
tion of the equipment and the nature 
of the service. The schedule should be 
elastic and adapted to the needs of each 
plant. It cannot be over-emphasized 
that a complete understanding of the 
mechanism is essential for proper in- 
spection, care and maintenance. If 
cuts, drawings and instruction bulle- 
tins showing and describing the work- 
ing parts of each individual piece of 
equipment have not been furnished, 
the operator should write to the manu- 
facturer for them. Keep up to date a 
regular inspection and maintenance 
schedule. At all times, know the con- 
dition of the equipment and correct 
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immediately any weaknesses before 
further trouble develops. 

In general, any item of sewage works 
equipment will comprise the following 
component parts: (1) the driver, usu- 
ally an electric motor, (2) the electrical 
controls, (3) the bearings (ball, roller 
or sleeve type), (4) the power trans- 
mission device such as shaft, belt or 
vears, and (5) the driven unit, which 


may be a pump, sludge collector, 
blower, ete. Only the fundamentals 
of maintenance at these component 


parts will be diseussed in this paper. 


Electric Motors 

Three-phase, squirrel cage motors are 
most often used in sewage plants. 
These motors require very little atten- 
tion. Under average operating condi- 
tions, the grease with which the bear- 
ing housings of the motors are packed 
before leaving the factory is sufficient 
to last approximately one year. ‘Too 
much grease causes bearing trouble due 
to excessive friction or damage to the 
motor windines because of excess 
crease deposits on the insulation. 

Horizontal motor bearing housings 
are equipped with a fitting for adding 
crease and another for expelling grease 
through a relief plug when the bearing 
becomes full, thus preventing overload- 
ing. Grease should be added to motors 
while they are running. Allow the 
motor to run long enough after adding 
erease to permit the rotating parts to 
expel any excess grease before replac- 
ing the relief plug. This is important. 

Vertical motors also have pressure 
relief plugs, but due to the design of 
vertical motors the location of the plug 
is not very effective. For this reason, 
the manufacturers recommend that 
grease be added sparingly when using 
a pressure gun and strongly urge that 
the motor be disassembled and the 
housing repacked with the proper 
amount of to assure effective 
lubrication. 

Many motors have been damaged by 
overgreasing. In order to minimize 


erease 
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this trouble, the motor manufacturers 
are now constructing motors with pre- 
lubricated sealed ball bearings and 
bearing housing without grease fittings. 
The prelubricated ball bearings in gen- 
eral purpose motors have proved, ac- 
cording to the manufacturers, that they 
ean operate continuously for five years 
without greasing. Thus, one of the 
major items of induction motor mainte- 
nance, periodic lubrication, has been 
reduced to one grease packing job in 
five years and overgreasing and grease 
seepage into windings has been elimi- 
nated. 

Motors located in damp _loéations 
such as underground pump stations 
have been damaged seriously by exces- 
sive condensation. So has the control 
equipment. In such locations the best 
cure seems to be the installation of a 
small blower that will have adequate 
capacity to change the air as often as 
is necessary to prevent condensation. 
Gravity ventilation by means of pipe 
openings is frequently inadequate. 

It is good practice to blow out with 
dry compressed air, at pressures not 
exceeding 80 p.s.i., dust, dirt and other 
accumulations from motor windings. 
The frequency of such cleaning will de- 
pend on the location and type of motor. 

Motors should not be started and 
stopped too frequently. The starting 
current of a motor is generally several 
times its full load current and these 
starting currents will store up heat in 
the windings. <A similar condition is 
created in overloaded motors. The ex- 
cess heating in the windings will bake 
out the insulation, causing it to become 
dry and brittle and eventually flake 
off and cause failure. 

Where motors are installed in hot 
locations, some authorities feel that 
consideration should be given to the use 
of oversize motors. These motors 
would not use any more current, would 
work below maximum capacity and 
would be less likely to overheat. 

If a motor is ever submerged in 
water, the bearings should be immedi- 
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ately removed and dried to prevent 
them from rusting and the motor 
should be sent to the repair shop for 
a thorough cleaning and to be baked 
out before it is returned to service. 
Regardless of the type of motor used, 
perform the following each week : 


1. See that the shaft is free of oil 
and grease from bearings. 

2. If oil is used, check oil level in 
bearings. 

3. Start motor and see that it is 
brought up to speed in normal 
time and rotates in correct direc- 
tion. 

4. Examine commutator and brushes. 

5. Inspect for tightness all wiring 
connections. 

6. Keep the interior and exterior of 
the motor free from moisture, oil 
and dirt. 


Every six months: 


1. Drain, wash out and renew oil in 
sleeve bearings. 

2. Check grease in ball or 
bearings. 


roller 


Once a year clean out and renew 
grease in ball or roller bearing hous- 
ings and, if necessary, clean motors 
thoroughly. 


Electrical Control Equipment 


Practically every motor is protected 
by a fused main line switch and an 
across-the-line type starter. In addi- 
tion, the service may require float 
switches and other automatic devices 
to start and stop the motors, and ma- 
nual start and stop switches for operat- 
ing convenience. The control fuses and 
thermal units used should comply with 
NEC or local code recommendations. 
The fuses and thermal units are gener- 
ally rated at not more than 125 per 
cent of the name plate limit. 

The fused mainline switch and 
starter protects the motor against 
“burn out’’ from. short circuits, 
erounding, high inrush of starting cur- 
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rent, overload, phase failure, low volt- 
age and high voltage. When new 
motors are installed, the size of the 
heating element in the starter should 
be checked against current require- 
ments of the motor. A starter with 
an oversize heating element or with a 
‘“jumper’’ around the element gives 
no protection. 

If a starter cuts out frequently for 
no apparent reason, check its location. 
Perhaps it is located too close to a 
radiator or some other outside source of 
heat that is causing the trouble. In 
such eases the manufacturers recom- 
mend the use of the next size unit. 

About every six months trip the 
starters manually with a piece of dry 
wood to make sure that the tripping 
element is not corroded and that the 
motor has protection. See that all 
clearances are normal and that the 
parts work freely. If the contact 
points are pitted, worn or are arcing, 
the tips should be renewed or filed 
smooth and treated with vasoline and 
then adjusted and lined up properly. 
Contacts that are will become seriously 
pitted and the high starting current 
may burn out the motor if the faulty 
points cause the motor to start and stop 
too frequently. 

If the starter trips out, find the cause 
and correct it before the starter is reset. 
Suggested procedure for locating the 
trouble: 


1. Cheek the driven unit to make 
sure that it is operating freely 
and that there is no binding or 
obstruction. 

2. Cheek wiring and 
loose connections. 

3. See whether contact points are 
pitted, worn or are arcing. 

4. If motor is of brush type, check 
brushes for sticking or for spark- 
ing while motor is running or 
starting. 

5. Check rating of fuses and ther- 
mal unit. 


control for 
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6. Check whether the fuse and ther- 
mal unit location is affected by 
exposure to an outside heat condi- 
tion such as the gas burner, rays 
of the sun and other sources. 


The switchboard should be inspected 
frequently and kept clean. Vibration 
may cause loose terminal connections 
when they are least suspected. The in- 
sulators should be wiped clean to pre- 
vent flashover to the ground. 

Dirty contacts are costly power con- 
sumers. An operator of a 0.5-m.g.d. 
plant, after cleaning thoroughly all 
contacts, fuses and fuse holders, was 
surprised to find a reduction in the 
power bill of $25 per month there- 
after. 

Motors and controls will give the best 
service if they are maintained in a dry 
environment, free from corrosive gases 
such as hydrogen sulphide, the common 
enemy in sewage works. 


Float Switches 


Float switches deserve more atten- 
tion than they are generally given. 
Floats that hang unprotected by a 
euide pipe or other means are apt to 
be moved sideways by the motion of 
the incoming sewage, causing the chain 
or rod to bind or to bend and become 
inoperative. 

If the float operates inside of a pipe, 
erease will in time coat the inside of 
the pipe and the float, and stick the 
float in a position that will either keep 
the pump running continuously or in 
an off position until the trouble is dis- 
covered. The damage that may be 
caused by floats sticking is obvious. 
Such a condition can be minimized by: 

1. Installing a pressure flushing con- 
nection in the top of the float pipe so 
that the pipe can be thoroughly flushed 
as frequently as may be necessary, 
preferably by a circular motion im- 
parted to the sewage in the guide pipe. 
In some installations a permanent con- 
nection has been made between the 
float guide pipe and the vent on dis- 
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charge side of the pump. The connec- 
tion to the float pipe is made on a tan- 
gent to induce a strong circular motion 
to the water in the float guide pipe. 
The connection should be made above 
or at the maximum level in the wet 
well. 

2. By seraping the grease off the float 
and guide pipe at least once a week and 
removing the scrapings entirely from 
the float guide pipe enclosure. 

3. By dripping fresh water continu- 
ously into the float guide pipe enclo- 
sure. This should be done without ere- 
ating a cross connection. 

4. By replacing the float guide pipe 
with an open enclosure or cage made 
of three or four 1-in. pipes. 

5. If the automatic switch is of the 
electrode type, by keeping the electrode 
free of grease and by seeing that the 
leads are well insulated against ground- 
ing. If the float switeh is of the 
mercury type, the mercury tubes 
should be held tightly in place. If an 
inspection reveals that the tubes are 
turning black, it may be an indication 
of air leakage and the tubes should be 
renewed. 


Bearings 


Bearing troubles may be caused by 
abrasive material coming in contact 
with the bearing surfaces, by water or 
moisture causing the bearings to rust, 
and by misalignment. 

Misalignment is one of the main 
causes and may result from poor in- 
stallation, settling of the foundation, 
or damage caused during shipment of 
the equipment. It is therefore im- 
portant to check the alignment fre- 
quently. 

During construction, equipment is 
often stored without any protection 
from grit or water. At this time grit 
or water often gets into the bearing 
housing and later the bearings fail. 
Contractors are cautioned continuously 
but a visit to a job will often reveal 
equipment of ball bearing construction 
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not properly protected or under water. 
The contractor, however, is not the 
only offender. Too many pump sta- 
tions have been inspected where the 
ball bearings on vertical sewage pumps 
were submerged because the operator 
failed to remove water accumulating 
in the dry basin housing the pumps. 
For this reason, automatic sump 
pumps are preferred for drainage in- 
stead of connections to sewage pump 
suctions that require manual atten- 
tion. 

To determine the quietness of bear- 
ing operation, place the ear against 
a serew driver or a length of metal 
rod, one end of which is firmly pressed 
against the bearing housing. If a 
rumbling or unevenness is noticed it 
may be due to dirt; a whistling sound, 
to improper lubrication. A noisy bear- 
ing is a warning that should be heeded 
without delay. Replacement should be 
effected before other components be- 
come seriously damaged. 


Bearing Lubrication 


The principles involved in the lubri- 
cation of ball bearings differ radically 
from the fundamentals governing in 
the case of plain or sleeve bearings. 

In a sleeve bearing the load is sup- 
ported by an oil film and the main- 
tenance of this film under varying 
speeds, loads and temperatures is the 
deciding factor in the selection of the 
type of lubricant used, as well as the 
method by which it is to be applied. 

In the ease of a ball bearing, the 
high unit pressures existing between 
the balls and races when under load 
definitely prevent the formation of an 
unbroken oil film and the load is, there- 
fore, directly supported by the balls 
and races, which are in metal-to-metal 
rolling contact. Since the contact be- 
tween the balls and their separators 
cause a sliding rather than rolling fric- 
tion, lubrication is required at these 
points. The chief duties of a ball 
bearing lubricant are, therefore: 
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1. To provide a tenuous lubricating 


film between balls and separator 
pockets. 

2. To dissipate heat caused by de- 
formation of load-carrying mem- 
bers, and separator. 

3. To prevent rust or corrosion of 
the bearing parts. 

4. To aid in protecting the bearing 
against dirt, water, acid fumes 
or foreign matter of any kind. 


Oil is the most efficient bearing 
lubricant. Oil lubrication is, however, 
desirable only with high operating 
speeds, subnormal or abnormal tem- 
peratures, and installations involving 
a single lubricant for the bearings as 
well as other mechanical parts of the 
equipment. 

Grease is most generally used for 
ball bearings operating at normal tem- 
peratures and where splashing and 
leakage of the lubricant must be pre- 
vented. It has the advantage of offer- 
ing maximum protection against the 
entrance of foreign materials into the 
bearings. 

Failure of grease lubrication can 
only occur from: 


1. Rapid evaporation or oxidation 
of the lubricant due to high op- 
erating temperatures and inade- 
quate quantity present. 

2. Too large a space around the bear- 
ing, allowing grease to be thrown 
far away from the rotating parts. 

3. Loss of grease, due to closure 
not retaining it. 


As experience has shown that many 
greases increase considerably in volume 
under the churning action of the bear- 
ing parts, it is very important that 
the housing and bearing be packed not 
more than one-half to two-thirds full. 
This will allow the grease, under op- 
erating conditions, to expand without 
building up pressure enough to force 
it out of the bearing housing. 

If oil lubrication is used and the 
oil becomes dirty, it should be drained 
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and the bearing flushed with mineral 
seal oil and again drained before new 
oil is applied. 

Greases satisfactory for anti-friction 
bearings are broadly divided into two 
classes: those having a soda soap base 
and those with a lime soap base. 

At temperatures between 32° and 
115° F., a properly made lime soap 
base grease is usually satisfactory. 
Above a temperature of 115° F. the 
lime soap grease when operated for 
any length of time is unsuitable as the 
oil will separate from the base and the 
residue is detrimental to the bearings. 

For higher temperatures, a soda 
base grease should be used. 

If grease is used and it cakes or be- 
comes dirty, flushing with mineral seal 
oil may not be sufficient to remove the 
old deposit. In such cases, if a soda 
soap base grease is used, flush with a 
hot oil-water emulsion. During this 
cleaning, rotate the bearing. In ease 
a lime soap base grease is used, a more 
drastic cleaning is necessary. Some 
types of liquid cleaners (containing 
petroleum solvents), which will not 
attack steel and which when mixed 
with water will readily emulsify, 
should be used for such conditions. 
For flushing, the manufacturers of 
bearings recommend a hot oil-water 
emulsion followed by an oil flushing. 
The housing should then be filled with 
the proper amount of new grease. 

No set rule on bearing lubrication 
fits all installations. If in doubt, play 
safe. Change the lubricant before it 
is too dirty. 

Too much oil will not hurt sleeve 
bearings, but too much grease will 
cause friction and heat in ball bear- 
ings. The main function of grease is 
to protect the steel elements against 
corrosion and not friction. Check the 
bearing temperatures with a thermom- 
eter at least once a month. 

The wear at sleeve bearings should 
be checked every three months. Gen- 
erally allow 0.002 in. clearance plus 
0.001 in. for each inch of shaft diam- 


OPERATION OF MECHANICAL EQUIPMENT 


303 


eter. This is important on motors of 
all types to prevent occurrence of an 
unbalanced air gap between rotor and 
stator in order to maintain efficiency 
and to prevent damage should both 
these parts comé in contact. 

When cleaning around equipment, 
the hose should not be directed against 
the bearing housing. Floor sweepings 
and water may be forced into the bear- 
ing housing. 

Power Transmission Equipment ° 
Shear Pins 

These pins are installed to protect 
such equipment as plunger pumps, 
sludge collectors, etc., from serious me- 
chanical damage, just as fuses protect 
motors. 

Make sure that the shear pin is not 
too big. Every few months remove the 
shear pin and rotate the driver shaft a 
few minutes without rotating the 
driven unit shaft, to make sure that the 
couplings are free on the shaft, and 
then replace the pin. There are many 
eases on record where the operator 
failed to follow such advice until the 
flights were ripped apart by stones 
thrown into the settling tanks by chil- 
dren or when a squeegee was left be- 
tween the flights. Check all shear pins 
and make sure that the couplings are 
not frozen. 


Misalignment 


The alignment between the driver 
and driven elements of any piece of 
equipment should be checked at fre- 
quent intervals. Misalignment has 
caused many burned out bearings and 
motors, sprung or broken shafts, dam- 
aged gears, and more rapid wear and 
tear of equipment than is normal. The 
original installation might have been 
satisfactory, but foundations will settle, 
bases will warp and bearings will wear. 
Misalignment might also be caused by 
the shifting of a slightly unbalanced 
motor or because the motor or driven 
unit was not fastened properly to the 
base plate. 
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In guarding against misalignment 
see that the flexible couplings are per- 
fectly aligned and that they are kept 
that way. Keep in mind that although 
flexible couplings between a driver and 
driven unit are designed to permit and 
to withstand misalignment, the bear- 
ings of the equipment are not designed 
to carry misalignment. Flexible coup- 
lings are used to allow easy assembly 
of equipment but they must be lined 
just as truly as rigid couplings. 

If couplings are furnished on equip- 
ment where leather is likely to be at- 
tacked by mildew and other fungus 
growths, flexible couplings designed so 
that the leather is in compression and 
not tension, should be used. Other- 
wise, all metal flexible couplings or 
other similar couplings should be used. 

In past years, vertical pump installa- 
tions were equipped almost entirely 
with solid shafting between motor and 
pump. This type of shafting requires 
proper alignment at all times. In re- 
cent years, the solid shafting has been 
replaced with flexible tubular shafting, 
similar to the tubular drive shaft and 
universal joint used in automobiles. 
This shafting is designed to permit 
angular misalignment and is far su- 
perior to solid shafting. Many trouble- 
some existing solid shafting jobs are 
today being replaced with flexible type 
shafting. 

If the H-beams carrying the inter- 
mediate bearing are not heavy enough, 
rigidity can be improved by filling the 
upper portion with concrete. 


Grit Chamber Mechanisms 

Grit chambers are designed to settle 
and remove the most troublesome form 
of sewage solids. Do not allow the grit 
to accumulate to the point that the col- 
lectors become seriously overloaded. 
This condition is allowed to occur too 
often. 

The grit chamber should be given 
very close attention because on its 
effectiveness depends the protection of 
pumps, sludge collectors, digester mech- 
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anisms, ete. from costly wear and tear. 
If it is not given proper attention, 
there will be clogged sludge lines, par- 
ticularly at the foot of vertical sections 
of sludge piping and at check valve 
bodies, and a digester full of a gritty 
mixture that will not flow to the sludge 
beds but must be removed manually. 
Where there are mechanical grit col- 
lectors, examine all wearing parts at 
frequent intervals. If excessive wear 
is taking place, find and correct the 
cause. If such wear is not due to mis- 
alignment or other abnormal condition, 
consideration should be given to weld- 
ing stellite or some other similar hard 
material to the vulnerable parts. 


Comminutors 

Next in importance to the grit cham- 
ber is the bar screen or the comminu- 
tor. The grit chamber protects the 
plant equipment from gritty material 
whereas the screen or comminutor gives 
protection from clogging material and 
rags that so often cause sludge collector 
chains to jump sprocket wheels. This 
discussion will refer only to comminu- 
tors. 

The comminutor is a cutting and 
screening machine. The equipment is 
ruggedly built to withstand the heavy 
duty imposed but its cutting edges will, 
however, wear and become dull. For 
this reason, the cutting parts (combs, 
cutters, and shear bars) are all re- 
placeable. Dull cutting parts should 
be replaced as soon as possible or 
sharpened in the case of the cutters. 
Do not allow a few worn cutters or a 
worn comb or shear bar to shorten the 
useful life of the other parts. 

The coarse material is quickly and 
economically disposed of when the cut- 
ters, combs and shear bars are sharp. 
When these replaceable parts are 
allowed to become dull, however, the 
coarse material is not quickly cut, but 
is slowly shredded and torn apart. 

The life of the replaceable cutting 
parts depends on the amount of abra- 
sive matter in the sewage and upon the 
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operator. To increase that life, where 
possible, the comminutor should be in- 
stalled on the downstream side of grit 
chambers. If a grit chamber is not pro- 
vided ahead of the comminutor, the op- 
erator should dewater the comminutor 
basin and remove any stones, tramp 
material and grit that may accumu- 
late. The frequency of cleaning de- 
pends on the characteristics of the 
sewer system and can be best deter- 
mined by experience. 

When the comminutor basin is de- 
watered, clean the comb, inspect the 
cutting edges and replace any section 
that may be badly chipped or damaged. 
Examine each cutting tooth and re- 
place those that are dull. Inspect the 
shear bars. Replace any shear bar 
that may have a groove deeper than 
0.02 in. worn across its face. Inspect 
the basin seal. Replace it if it be- 
worn or damaged enough to 
allow rags to pass or wedge between 
the basin and the drum. The basin 
seal will wear rapidly if the comminu- 
tor is operated dry. When operating 
the comminutor without sewage, run a 
stream of water from a hose on the 


comes 


basin seal. 

To obtain the most satisfactory cut- 
ting, the comminutor should be oper- 
ated continuously. Continuous opera- 
tion also requires the least power. 


Pumping Equipment 

Centrifugal pumps of the horizontal 
dry pit type, vertical dry pit type or 
vertical submerged type, equipped with 
the so-called non-clog type impeller, are 
venerally used for pumping raw sew- 
age, primary and final effluents, secon- 
dary tank sludges, and for recireula- 
tion. Pumps having a propellor type 
impeller are also used for recirculation 
on some high eapacity filter plants. 

Centrifugal pumps have also been 
used to pump primary sludge, digested 
sludge and chemical sludge, but they 
are generally not recommended for 
these services. Plunger pumps and 
specially designed centrifugal pumps 
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are best suited for pumping these 
sludges. The scru-peller pump, a spe- 
cially designed centrifugal pump, has 
been used for pumping raw sewage. 
A number of such installations were 
made since 1934 in outlying pumping 
stations where a non-clogging installa- 
tion was required. 

A centrifugal pump consists essenti- 
ally of only one moving part, an im- 
peller rotating in a casing. The im- 
peller is supported on a shaft that is in 
turn supported by a thrust bearing and 
one guide bearing in vertical dry pit 
and horizontal type pumps and two or 
more guide bearings in submerged type 
pumps, depending on the depth of the 
wet well. 

Vertical dry pit type pumps are con- 
structed almost exactly the same as 
horizontal pumps. The bearings are 
generally of the ball type. Scru-peller 
pumps are fundamentally the same as 
horizontal centrifugal pumps, except 
that a stellited screw, stellited cutting 
bars, and a stellited cutting ring are 
mounted on the suction side of the im- 
peller for cutting up the solids before 
they reach the impeller. 

Submerged type pumps are con- 
structed differently from dry pit pumps 
in that the thrust bearing, of ball bear- 
ing construction, is generally located 
above the motor floor level where it will 
be free from floor drainage and sweep- 
ings and in that the pump easing, guide 
bearings and shafting are extended in- 
to the wet well. Ball bearings cannot 
be used for guide or intermediate bear- 
ings because the sewage would soon 
cause them to rust. For this reason, 
submerged type pumps are built with 
sleeve type guide bearings of bronze or 
stainless steel. 


Lubrication 


Lubricate the ball bearings on verti- 
eal pumps equipped with grease fittings 
about once a month, using a high qual- 
ity lime-base grease with a consistency 
comparable to grade No. 0. On such 
pumps the grease line generally enters 
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the housing just above the bearing so 
that the excess grease will lay on top 
of the bearing and gradually work 
down into it. The bearings, like those 
on motors, should be taken out, cleaned 
and repacked with grease about once a 
year. 

Steady or intermediate guide bear- 
ings can be greased with the same 
grease as used for the pump bearings. 
These bearings ordinarily need greas- 
ing only once in three to four months. 

Horizontal pumps are generally con- 
structed with an oil reservoir in the 
bearing housing. Keep the oil level 
just below the overflow point of the 
filling cup when the pump is idle. If 
the oil reservoir is kept full, the oil 
will splash out. A good medium grade 
neutral, mineral engine oil of SAE 20 
or 30 viscosity is generally used. 

On some pumps the oil 
through a wick filter before it reaches 
the reservoir. This filter should be re- 
newed at least once a year. Likewise, 
the bearing housing should be drained, 
flushed and refilled with new oil at 
least once a year. 

If the thrust bearing on submerged 
type pumps is grease fitted, lubricate 
with the same grease used for vertical 
pumps. If it is equipped with an oil 
cup, refill the cup about once or twice 
a week with a good medium grade of 
neutral, mineral engine oil, SAE vis- 
cosity No. 30 or 40. The guide bear- 
ings are generally lubricated with a 
light lime-base grease with a consist- 
ency comparable to No. 00. It is ad- 
visable to grease the lower sleeve bear- 
ing daily to protect it and the shaft 
from grit; it should be greased at least 
once a week and the other guide bear- 
ings about once a month. 


passes 


Stuffing Box Maintenance 


The dry pit type horizontal and ver- 
tical pumps are constructed with stuff- 
ing boxes to prevent sewage from leak- 
ing out around the shaft or air leaking 
into the pump. The submerged type 
pump depends on the snug fitting of 
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the lower sleeve bearing and a felt 
washer or seal of some kind to prevent 
leakage around the shaft. 

Depending on the type and condition 
of the impeller, a wide range in pres- 
sure there may be developed on the 
back side of the impeller. Most non- 
clog impellers produce a pressure at 
the stuffing box from 70 to 90 per cent 
of the pumping head. For this reason, 
the stuffing box on dry pit type pumps 
and the lower sleeve bearing on sub- 
merged type pumps are subject at all 
times to damage from grit. The stuff- 
ing box or packing gland of a dry 
basin pump and the lower sleeve bear- 
ing on the wet well type pump require 
more maintenance than any other part 
of the pump and may cause the most 
trouble if these points are not given 
proper attention. 

The pressure on the stuffing box or 
packing gland can be reduced by con- 
necting the pump air vent to a pipe 
line which will continuously discharge 
into the wet well or some other suit- 
able place while the pump is in sery- 
ice. This connection will also remove 
and reduce the amount of grit that 
otherwise might be forced into the 
packing. This idea is being adopted 
by at least one manufacturer for appli- 
cation to submerged type pumps to pro- 
tect and reduce grit damage at sleeve 
bearings. 

Since the packing in the stuffing box 
rubs against the shaft, it is just as im- 
portant that it be lubricated as the 
bearings. In pumps handling clear 
water, the packing is lubricated inter- 
nally with the water pumped, but sew- 
age contains grit and therefore cannot 
be used for lubrication. 

Grease is used but seldom with com- 
plete success because some grit invari- 
ably works back into the grease, im- 
beds into the packing and forms a fine 
abrasive cloth which soon wears out the 
packing and shaft sleeve. An external 
supply of water for the seal is the most 
satisfactory lubricant. 

If a grease seal is used, and the head 
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does not exceed about 20 ft., the seal 
should be fitted with a spring loaded 
pressure. type grease cup. Grease 
should be foreed through the packing 
daily at a rate of one oz. per day. If 
the head is greater than 20 ft., spring 
loaded pressure grease cups are not too 
effective. In such eases a hand type 
erease gun should be used and the 
erease should be applied daily. 

If a water seal is used the pressure 
should be greater than the shutoff head 
of the pump. This pressure may be 
secured by a float controlled tank lo- 
cated at the highest point of the build- 
ing or with the aid of a small pump. 
This water pressure should never be 
obtained by a direct connection with 
the drinking supply because a cross 
connection would be created. The life 
of the packing and shaft sleeve depend 
almost entirely upon the effectiveness 
of the grease or water seal. There 
should be a slight leakage of water 
from the packing box when the pump 
is running to keep the packing cool. 

Never tighten a gland more than 
necessary. Finger tight should be 
ample, otherwise excessive pressure 
will cause the shaft sleeve to wear 
rapidly and the tight packing will act 
as a brake band and increase the load 
on the motor. 

If the stuffing box leaks excessively, 
remove the packing and examine the 
shaft sleeve. If the shaft sleeve is 
badly grooved or scored, it should be 
replaced or repaired immediately. 
Otherwise, the stuffing box will con- 
tinue to leak excessively and, regard- 
less of the frequency of repacking, the 
packing life will be too short. 

If the packing becomes worn, re- 
move it entirely and clean out the 
stuffing box thoroughly. It is bad 
practice to use part new and part old 
packing. When repacking, it is im- 
portant to see that the first two layers 
are properly in place before more is 
added. Otherwise, the bottom layer 
may be foreed in unevenly and may 
leave a pocket for grit to collect. The 
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packing should be installed with butt 
joints, staggered around the shaft. 


Packing of Pumps 


No single packing can be flatly rec- 
ommended. The type of packing that 
should be used depends on: (1) varia- 
tions in operating methods, (2) opera- 
ting conditions, (3) operating require- 
ments, and (4) the operator. There are 
many different kinds of packing. Those 
commonly used for sewage are: (1) 
metallic, (2) semi-metallic, (3) soft as- 
bestos impregnated with graphite, and 
(4) leather. 

Bearing to bearing surfaces require 
some cooling agent as oil, grease or 
water. Packing containing rubber is 
not recommended because it will ex- 
pand when in contact with sewage. 

Soft asbestos, impregnated with 
graphite, is the most generally used 


packing, particularly in centrifugal 
and plunger type pumps. It is par- 


ticularly recommended where grease or 
water seals are not provided. Metallic 
or semi-metallic packing should be 
used only where water or grease seals 
are used. 

Lubrication of the packing does 
three things: (1) inereases efficiency 
and reduces friction to a minimum (2) 
prolongs the packing life, and (3) con- 


trols leakage without undue gland 
pressure. 
A generous supply of lubricant 


should be applied to the packing when 
it is being installed. Thereafter, the 
lubricant can be applied by a hand 
pressure grease gun if grease is the 
lubricant. The ideal way is to use a 
foreed feed lubricator applying a small 
but continuous amount of grease at a 
constant pressure. 


Wearing Rings 

Some sewage pumps are provided 
with wearing rings on the impeller only 
and some have a second ring on the 
pump suction plate. Grit will often 


get between the wearing rings and the 
impeller proper or suction plate and 
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soon causes wear to the extent that 
the wearing ring tears loose with a 
terrific impact. 

On sewage pumps the trend is to 
eliminate wearing rings, which are 
generally of a soft material such as 
bronze, and to rebuild periodically the 
worn parts by spray welding with a 
hard material which has longer life 
and gives less trouble than the wearing 
ring. 

If pumps are equipped with wearing 
rings, never allow them to run dry. 
Water is a lubricant and cooling agent 
between rings and casing. Examine 
wearing rings at regular intervals. 
The clearance between the bottom of 
the wearing ring on the impeller and 
suction plate on sewage pumps is about 
0.015 to 0.020 in. The diametrical 
clearance is 0.005 to 0.008 in. on each 
side on cold liquid service and about 
0.010 to 0.012 in. on hot liquid service. 
If the clearance becomes as much as 
0.010 in. on cold service and 0.015 in. 
on hot service, it is cheaper to replace 
or rebuild the clearances than pay for 
power lost in leakage or recirculation 
within the pump. 

Cheek the piping on the suction and 
discharge sides of the pumps. Make 
sure that the weight of this piping is 
not placing an excessive strain on the 
pump and distorting the casing. If it 
is, misalignment troubles, can be ex- 
pected, with rapid wear of the wearing 
rings due to metal to metal rubbing 
and binding. 

Wearing rings will wear more rapid- 
ly if the impeller is not properly bal- 
anced before shipment or if the rag, 
solid load, or operation is such as to 
unbalance the impeller while the pump 
is in service. Operating conditions 
that cause undue vibration should be 
avoided. 


Plunger Pumps 


The modern plunger pump is gen- 
erally used for pumping raw and di- 
gested sludges. Because of its positive 
displacement characteristics, it will 
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pump mixtures of sludge sewage gas 
and air equally as well as liquids. 

Like all reciprocating pumps, these 
units must be packed to prevent leak- 
age between the piston and cylinder. 
This packing is one of the most fre- 
quent causes of trouble. If the pack- 
ing is too soft, too loose, or improperly 
placed, sludge will leak out and dirty 
the pump room. If the pump has a 
suction lift, and the packing is in a 
poor condition, enough air may be 
sucked through the packing to prevent 
the pump from priming. If the pack- 
ing is too tight, scored pistons and 
broken shear pins may result. 

Opinions differ as to the most satis- 
factory type of packing. Generally a 
square, twisted, graphite impregnated 
asbestos packing is the best, particu- 
larly if the piston is ground smooth. 
In operation, a liberal use of a fairly 
heavy eylinder oil around the packing 
will prolong the life of the pump and 
the packing and make it possible to 
keep the packing tight enough to re- 
duce leakage to a minimum. It is con- 
sidered good practice to add some oil 
to the packing each pumping day. 

Before a plunger pump is operated 
after new packing has been installed or 
after it has been idle for a length of 
time, all nuts on the packing gland 
should be loosened and the pump 
should be run with the gate valves 
closed and with the check valve covers 
open to ‘“‘break in’’ the packing. The 
nuts on the packing gland should then 
be carefully tightened so that the pack- 
ing is uniformly compressed around 
the piston. New packing should never 
be added to the top of old packing for 
the same reasons mentioned in the dis- 
cussion on centrifugal pumps. 

The ball valves should be examined 
occasionally and if they are worn one- 
half inch from the original diameter, 
they should be renewed because other- 
wise they are likely to jam in the valve 
chamber or valve seat. If the valve 
seats show extensive wear they should 
be renewed. Under normal conditions 
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the pillow block needs to be greased 
only at 6-month intervals. The oil 
cup on top of the connecting rod should 
always contain some oil. 

The pounding noise made by plunger 
pumps is sometimes objectionable. 
This pounding is due to the reversal 
stresses caused by stopping and start- 
ing the flow of sludge in the pipe line 
at each stroke of the pump. The noise 
can often be minimized by reducing 
the pump stroke or by installing air 
chambers on the discharge and suction 
sides of the pump. To be of any value, 
the air chambers should be large and 
should be located as close to the pump 
valves as possible. <A periodic cheek 
should be made to see that there is an 
air cushion in the air chambers and 
that they are not filled with the liquid 
being pumped. 

In some cases pounding has been 
eliminated by placing an air snifter 
valve on the suction side of the pump. 
This does a good job but it is not rec- 
ommended. Such a valve will admit 
at each stroke a small amount of air 
with the sludge gnd where the dis- 
charge is to a digester it is possible to 
pump in enough air to create an ex- 
plosive mixture. 


Pump Operation Hints 

1. Never throttle the pump by elos- 
ing a suction line gate valve. The 
turbulence created may cause 
serious vibration and cavitation 
and thus damage the pump. 

2. Never run a pump longer than 
necessary with the discharge valve 
closed, especially if wearing rings 
are used in the pump. The re- 
circulation taking place within 
the pump may loosen the wearing 
ring and cause it to jam the im- 
peller. Also, power is converted 
into friction—overheating the wa- 
ter to an extent that expansion 
of the metals may cause metal to 
metal rubbing and binding. 

Furthermore, the grit in the 
sewage may increase the clear- 
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ances between the impeller and 
easing and thus seriously reduce 
pumping capacity and _ non- 
clogging ability. 

3. If the pump is in operation and 
the discharge gate valve is closed, 
open it slowly. 

4. Closing the discharge gate valve 
before stopping the pump is ocea- 
sionally advisable to prevent pipe 
strains or water hammer effects. 
This, of course, applies to hand 
operated units only. 
When shutting the pump down 
for a protracted period, the mo- 
tor disconnect switch should be 
opened, all valves on suction, dis- 
charge and water seal lines shut 
tight and the pump completely 
drained of water by removal of 
vent and drain until all the water 
has been removed. This will pro- 
tect the pump against sedimenta- 
tion and freezing. It is also a 
good policy at this time to inspect 
the pump and_ bearings thor- 
oughly so that all necessary servic- 
ing may be done during the in- 
active period. 


wl 


Pump Troubles 


If the pump is not delivering enough 
water, the causes may be: (1) air leak- 
age in suction piping, (2) suetion 
piping air-bound, (3) air leakage in 
stuffing box, (4) impeller partially or 
completely clogged, (5) wrong diree- 
tion of rotation, (6) suction inlet not 
insufficiently immersed, or (7) solids 
content in excess of pump design 
characteristics. 

If the pump works for a while and 
the capacity decreases, check the fol- 
lowing: 


1. Incomplete priming because of a 
poor piping arrangement on the 
suction side of the pump, contain- 
ing high points at which air or 
gases may accumulate. Incom- 
plete priming may also oceur on 
pumps which have a turned down 








310 


2 





SEWAGE WORKS JOURNAL March, 1946 


suction elbow and a discharge noz- 
zle on the bottom of the pump 
easing in a horizontal position. 
If such a pump is operated under 
suction lift conditions, it may be 
impossible to eliminate all of the 
air from the upper half of the 
pump easing. 

Air leaks in suction piping or 
stuffing boxes if pump has a sue- 
tion lift and not a positive suction 
head. 

Air or gases in the liquid being 
pumped in an amount greater 
than the pump can force out of 
the discharge. 


If there are clogging difficulties, be 
sure that oversize material is not reach- 
ing the pump or the piping leading to 
the pump. Besides the other factors 
mentioned previously, keep the follow- 
ing conditions conducive to clogging in 
mind: 


a 


The rolling action of sewage solids 
and other foreign material in se- 
wers causes balls or wads of mate- 
rial to form, which may clog the 
pump if not removed or eut up 
by such protective devices as 
screens and comminutors. 

Under certain conditions, the cen- 
trifugal force of pumps will cause 
spiral rotation in suction lines. 
This spiral flow has been known 
to cause stringy material and 
other solids to enmesh and form 
a rope of solids, which upon 
reaching the pump, clogged the 
impeller. 

Cireular wet wells designed to 
eause circular flow to keep the 
solids in suspension have been 
known to develop grease balls 
which clogged pump __ suction 
lines. Where such clogging oc- 
eurred, the circular flow condi- 
tion was eliminated by installing 
baffles. 

Deposition may oceur in dead 
spots formed in wet wells due to 
the location of the inlet sewer. At 


times this deposition will break 
loose and cause clogging difficul- 
ties. This condition can be cor- 
rected by placing baffles to elimi- 
nate the dead spots. 

5. Sludge collectors repeatedly turn- 
ing over and pushing sludge to 
the sludge hopper have been 
known to gather wads of coarse 
material of sufficient size to clog 
suction lines. Where this condi- 
tion oceurs, it may be found nec- 
essary either to run the collectors 
more frequently or to inerease the 
slope toward the sludge hopper so 
that the sludge will be moved and 
not merely turned over and over. 

6. If a bar sereen is not cleaned as 
often as necessary, the velocity 
through -the reduced screening 
area will soon reach 3 f.p.s., which 
will unwind raes and pull them 
through the sereen. 

7. The sereen chamber may be lo- 
eated too close to a sewer that is 
discharging with a free fall so as 
to force all but the largest mate- 
rial through the screen. 

8. Cleaning the bar sereen with a 
hose stream forces all the material 
through the screen chamber. This 
is not good practice. 

9. Perhaps the clogging is in the 
cheek valve. Cheek valves  in- 
stalled in vertical positions on 
pump discharge lines have been 
jammed by grit and solids packed 
tightly against the check valve 
by surges when the pump stops. 
This clogging is not caused by 
the pump. If the check valve 
were in a horizontal position, it 
would not be possible for the grit 
to jam it because the erit and 
solids would be flushed out when 
the pump starts. 


Some operators faced with vertical 
check valves have made provisions to 
blow off the discharge lines into the 
wet well, thus to remove the grit peri- 
odieally before it can form an obstruc- 
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tion at the valve. Other operators have 
provided flushing connections. 

Conditions causing elogging, if lo- 
cated, should be corrected as soon as 
possible because clogging is expensive 
in labor, time and in the damage that 
may be caused by flooding. 


Sludge Collection Equipment 


Sludge collector mechanisms include 
motors, gears, bearings, flights, chains 
and other items. This equipment, like 
any other and perhaps more so than 
some, requires especially careful super- 
vision of installation. If the equip- 
ment has been poorly installed, and not 
aligned properly, costly wear and tear 
Misalignment will 
cause wear of sprockets, 
chains, wearing shoes and will engen- 


may be expected. 
excessive 


der motor troubles. 

Chains should be kept tight at all 
times to prevent flights from chattering 
and causing excessive, uneven wear of 
wearing shoes and supporting rails. 
All bolts on attachment links and wear- 
ing shoes should be kept tight. Wear- 
ing shoes should be replaced when 
necessary to prevent flights from drag- 
eine on the bottom of the tank. If the 
shoes wear too rapidly, consideration 
should be given to the use of stellite 
or some other similar hard alloy. 

Excessive slack should be removed 
from the chain either by means of the 
take-up serews, where they are pro- 
vided, or by removing links from the 
chain. Care should be taken to see that 
the same adjustment is made to both 
chains. Both take-up serews in the 
same tank should be given the same 
number of turns and the shaft should 
be kept square with the center line of 
the collector. Where links are removed 
from the chain, they should be taken 
from points in the chain exactly oppo- 
site each other, and the same number 
of links removed from each strand. 

If the equipment is going to be out 
of service for any length of time and 
the tank dewatered, the manufacturer’s 
recommendation regarding removal and 
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storage of flights and chains should be 
followed. 

If the sludge collectors do not move 
forward but turn the sludge over and 
over before it reaches the sludge hop- 
pers, thus causing balls or wads of 
coarse material to form, try to effect 
correction by changing the frequency 
and duration of operation. If this does 
not correct the trouble, it may be cor- 
rected by increasing the slope of the 
tank bottom. 

In time, the teeth on the drive 
sprocket will wear round. This wear 
will be more rapid if there is misalign- 
ment. Most operators merely put the 
chains back on the sprocket each time 
the chain jumps off and hesitate to re- 
place the worn sprocket until they are 
compelled to because the replacement 
of this part is no easy task. The equip- 
iment must be completely dismantled 
and realigned to do so. At New Haven, 
Conn., Supt. Chas. Copley has solved 
this problem by replacing the solid 
sprockets with split construction type 
sprocket drives. 


Rotary Distributors 

At a filter with stationary nozzles, 
one clogged nozzle means only a small 
area taken out of service. At a rotary 
distributor, the area taken out of serv- 
ice by a clogged nozzle is much greater. 
The nozzles should be kept clean. 

Foreign clogging materials should be 
removed as often as is necessary. If 
the nozzles are not kept clean, the load 
imposed on the reduced filter area will 
reduce the effectiveness of treatment. 
The distributor arms should be flushed 
out daily. 

The arms of the distributor should 
be level and the center column kept 
plumb. Adjust the turnbuckles on the 
euys and stays to compensate for ex- 
pansion and contraction due to tem- 
perature changes. 

If ice tends to form on the outer 
edges of the filter during winter opera- 
tion, every effort should be made to 
prevent interference with the move- 
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ment of the rotary distributor, not only 
to secure distribution of the sewage 
over the entire filter, but also because 
it might unbalance the adjustment of 
the distributor arms and center column. 


Air Diffusers 

In plants using compressed air dif- 
fusers, proper and adequate air filters 
should be provided to clean the air and 
eliminate clogging on the inside of the 
tubes. The filters should be cleaned 
when the loss through the filter in- 
creases 0.5 in. of water or as often as 
is required. Otherwise the tubes or 
plates will clog and the increased 
blower pressure will materially in- 
crease power costs. 

Where swing diffusers are used, 
swing the tubes above the sewage when 
the blowers are shut down. This pro- 
cedure will reduce outside tube eloe- 
eine. Picture a coarse diffuser tube as 
a medium full of small tube openings. 
When air is being discharged from the 
inside to the outside, the air prevents 
the liquid and solids from entering 
the diffuser pores. As soon as the air 
is shut off, the hydrostatic head forces 
the sewage and solids which it contains 
through the small openings into the 
diffuser media and into the submerged 
air lines. When the blower is again 
put in service, the compressed air will 
force the water and most of the solids 
back into the tank. <A portion of the 
solids, however, will be retained some- 
where in the diffuser pores and will re- 
strict the air passages. It is evident 
that too frequent blower shut-downs 
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will increase clogging of diffusers and 
make it necessary to clean them more 
often. 

Periodically, lift the swing diffuser 
out of the tank with the air ‘‘on.’’ The 
air will blow off any clogging material 
on the outside of the tubes. Further 
improvement can be secured by hosing 
the tubes with water under pressure; 
the hose should be directed at an angele 
to prevent solids from being forced 
into the tubes. 


Spare Parts and Special Tools 

Generally when a plant is turned 
over to an operator, he finds that he 
has been given a very great responsi- 
bility, but that no tools were provided 
to maintain the equipment in good 
condition. When trouble occurs, the 
operator may have to borrow tools from 
his own ear or from some kind neighbor 
until he ean get the municipal officials 
to approve funds for the procurement 
of tools. 

A similar situation exists as to spare 
repair parts and paint for keeping up 
the appearance of the plant. A reason- 
able supply of essential spare parts 
for all equipment should be available 
at all times, as should any special tools 
that may be required. Without them, 
it is impossible to repair and maintain 
equipment properly. Manufacturers 
will gladly furnish a list of spare parts 
that should be kept on hand. 

Specifications on new work should 
require the contractor to furnish spare 
parts and any special tools recom- 
mended by the manufacturer. 


BARK FROM THE DAILY LOG 


By Water A. SpERRY 


Superintendent, Aurora (Illinois) Sanitary District 


Sunday Afternoon, December 16— 
John Charles Thomas has just sung 
the last note of “The Open Road’”’ 
and that is the theme of this log. 


Mr. George Thon, our new engineer- 
trained trustee and your Logger 
climbed into the faithful Dodge one 
Friday morning late in October and 
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for three days enjoyed the thrill of 
open road travel. It was one of our 
few adventures beyond the city lim- 
its since the war and was a delight- 
ful and stimulating experience that 
every operator should enjoy occasion- 
ally. Renewed friendships, exchange 
of ideas, comparison of methods and 
the learning of new tricks all act as 
vitamins do on the body, to challenge 
our own ways of working. 


Ciinton, lowa 


About noon we arrived at Clinton, 
lowa, and called on Mr. Robert Kerr, 
Chief Engineer and Mr. R. C. Boyd, 
Service Manager of the Climax Engi- 
neering Company. Aurora bought in 
1936 the first Climax engines ever 
sold for sewage works service. This 
was our first opportunity to see these 
engines in the making and our recep- 
tion was most cordial. We spent an 
hour crammed with interest going 
about the plant where we saw a new 
line of single horizontal cylinder, 
heavy flywheel engines of 40 to 50 
h.p., surprisingly rugged and easy to 
Start. 

We also examined a new type of 
plow that is expected to be manu- 
factured by the thousands. The 
plow is mounted on a rugged frame 
with a 12- to 14-in. steel screw 
some 4 ft. long and driven by a trac- 
tor power take-off. It ‘“‘stirs’’ the 
soil but does not turn the sod under 
as with the common share plow. 
Such equipment is part of the new 
soil conservation program and should 
interest every operator since his con- 
tribution of sludge for fertilizer is 
also an important part of this same 
program. 

We dined with our hosts in the 
company canteen and started west 
again. 


Cedar Rapids, lowa 


We arrived in Cedar Rapids by late 
afternoon and found Supt. J. C. Mc- 
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Intyre in a reflective mood, looking 
over the rail into his pump room pit. 
He had just lately returned from serv- 
ice in the Aleutian Islands and his 
face appeared still flushed from the 
72° below zero temperature he had 
experienced there, although he said 
it seemed colder, at times, in lowa. 
We spent a crowded hour of talking 
and plant inspection. The Cedar 
Rapids plant is financed by a sewer 
rental plan in co-operation with the 
city water department, supplemented 
by industrial waste fees based upon 
volumes of flow and B.O.D. strengths. 
Of especial interest here was the 
responsibility of the sewerage depart- 
ment for pumping storm water to 
avoid flooded basement damage in 
the downtown districts and the pre- 
treatment plant for handling pack- 
inghouse wastes. We particularly 
envied Supt. McIntyre his ‘‘4-ply” 
facilities for dewatering digested 
sludge. The plant offers a choice of 
lagooning, sludge drying beds, Oliver 
filter equipment and a Bird centri- 
fuge—what more could one ask? 
Besides all this, the city garbage in- 
cinerator is next door giving him the 
opportunity to burn surplus sludge. 
The chemical engineering works to 
be found in many small lowa cities is 
amazing. The key to it is King Corn, 
who first does his part to fatten the 
cattle for the meat packing plants. 
The rest of the corn goes direct to 
chemical processing. The result is 
that large volumes of industrial 
wastes are produced and these, in 
turn, give rise to complicated sewage 
treatment plants. Very high gas pro- 
duction is common in these plants; 
the Fort Dodge plant, for instance, 
was Said to sell enough gas produced 
current back to the local utility that 
the revenue received is more than 
equal to the entire operating cost. 
Gas production at Cedar Rapids is 
about 3 cu. ft. per capita per day; at 
Marshalltown it is about 4 c.f. 
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Marshalltown, lowa 


We reached Marshalltown, the 
real objective of our travels, about 
six in the evening and found com- 
fortable rooms reserved for us at the 
Tall Corn Hotel. Saturday morning 
we shook hands for the first time 
with Supt. T. R. Lovell with whom 
we had corresponded at length con- 
cerning the protection of exposed 
iron and steel in sewage works by 
metallizing with zinc. While the 
Aurora plant was probably the first 
one in the U. S. in which experiments 
were made on the effectiveness of 
zinc coatings, Supt. Lovell was the 
first man in our field to invest in 
complete equipment to metallize his 
entire plant. We stayed till high 
noon and Lovell was more than gen- 
erous in the time and effort neces- 
sary to demonstrate for us the entire 
process. 

Due to the washing out of an en- 
tire section of W. P. A. built inter- 
ceptor during a flood period, the 
plant was forced to shut down for 
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several weeks. During this outage, 
which Mr. Lovell foresaw, the metal- 
lizing protection was applied to most 
of the underwater air piping of the 
activated sludge tanks. These pipes 
consist of thin steel tubes about 4 in. 
in diameter and some 10 or 12 ft. 
long. All of them were badly pitted 
and there was no imminent possi- 
bility of replacement. 

The metallizing equipment of Mar- 
shalltown consists of a supply of 
zinc wire, tanks of acetylene and 
oxygen gas, the special metallizing 
gun and air compressor equipment 
to supply about 100 cu. ft. of free 
air per min. at 80 to 100 p.s.i. In 
addition, there is a supply of several 
tons of crushed flint or chert—called 
‘Joplin chat’’—that is used for sand 
blasting. Ordinary sand is much too 
smooth for this purpose and the 
sharp edged flint, screened to 8- or 
10-mesh size, may be used several 
times before losing its effectiveness. 

Generally speaking, the parts to 
be metallized must be dismantled 





FIGURE 1.—Sandblasting metal equipment parts prior to zinc metallizing at the 
Fort Dodge, Ia., sewage treatment plant. 
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FIGURE 2.—Application of zinc protective coating to metal equipment parts 
at Fort Dodge, Ia. 


and cleaned by sand blasting in a 
special room set aside for this pur- 
pose. The operator must be amply 
protected by a special hood, heavy 
gloves and an outside source of 
air for breathing (Figure 1). The 
enamel brick and window panes of 
this room were completely frosted 
from the flying sand. In an eight- 
hour working day the sanding of the 
pieces requires about five hours to 


three hours for their metallizing. 
The pieces must be completely 
cleaned to a virgin metal state. 


Great care is taken, after cleaning, 
not to touch the pieces with the bare 
hands or other soiling contacts be- 
fore applying the zinc. The sand 
blasting accounts for fully half the 
cost of the work and more than half 
the time. 

The manipulation of the metalliz- 
ing gun is not difficult (Figure 2). 
About one third of the zinc is lost 
to the air while spraying and a coat- 
ing of 0.003 to 0.004 in. of zinc is 
applied per pass of the gun over the 
work. Four passes of the gun is con- 


sidered to add a zinc thickness of 
0.012 in., believed to be good for 20 
years of protection. Supt. Lovell 
states, however, that the cost so far 
has been higher than anticipated and 
amounts to approximately 42¢ per 
sq. ft. exclusive of the cost of labor 
and the original equipment invest- 
ment. He further states the cost of 
the blasting sand to be over half this 
figure. Because of this high cost he 
seems inclined to reduce the thick- 
ness of the-zinc applied to the equiv- 
alent of a ten-year protection. This 
cost may be further reduced by clean- 
ing and coating the Tow-Bro equip- 
ment in the secondary settling tanks 
in place by using a canvas covering 
—weather permitting. 

Needless to say, we spent a most 
instructive morning and noon came 
all too soon. In fairness to Mr. 
Lovell, further details should be re- 
served for inclusion in the paper he 
plans to write. We are greatly in- 
debted to him for the many cour- 
tesies and valuable information se- 
cured during our visit. 
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An amusing experience resulted 
from the same flood that damaged 
the interceptor in connection with 
the washing out of the sludge lagoon 
at the plant. Thousands of cubic 
yards of sludge, loaded with pumpkin 
seeds from a local cannery, were de- 
posited on neighboring farm lands. 
Instead of a hearty ‘thank you”’ for 
the gift of a generous and valuable 
layer of rich earth, the plant received 
full blame for the rank growth of 
pumpkin vines that resulted! 


lowa City, lowa 


About four in the afternoon of 
Saturday we drove into lowa City, 
easily located the plant and received 
a hearty welcome from Supt. Mott. 
Believe it or not, we found him not 
only sitting down but actually read- 
ing the Aurora Annual Report! 

After a brief chat we called up 
Prof. Earl Waterman for an exchange 
of greetings but he was just ready 
to leave for a sewage works meeting 
and could not get out to the plant. 

While walking about the plant we 
were interested to observe on the 
filter walls the heaviest swarm of 
psychoda flies that we have ever seen. 
They seem to be a special problem at 
this plant. 

While looking at the sludge beds 
we entered upon a discussion of weed 
control and Supt. Mott gave us an 
excellent idea. He uses a high 
wheeled garden push plow with two 
winged scraper blades to keep weeds 
sheared off while they are small. We 
have since tried it at Aurora and it 
works. Some months ago this hint 
would have saved us an immense 
amount of effort. 


Davenport, lowa 


Sunday morning we called at the 
Davenport plant, signed the visitor's 
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register and walked about with the 
operator on duty. It was too early 
to disturb Supt. J. L. Strelow, whom 
we would have liked to meet. The 
plant and grounds were spic and span. 
Mr. Thon and | were much surprised 
and pleased to find an exact copy of 
the Aurora tipping bucket sludge 
meter [This Journal, 6, 797 (July, 
1934) ], built to somewhat smaller 
dimensions and placed in the sludge 
pumping room between the two di- 
gesters. 


Rock Island, Illinois 


We crossed the Mississippi River 
on a beautiful new toll bridge and 
soon found the Rock Island plant 
All the doors were locked except one 
We entered, walked down a dark stair- 
way and found a light switch which, 
when snapped on, startled the operator 
on duty considerably. He proved to 
be good natured, however, and did a 
fine job of showing us about. We 
hesitated to call Supt. Carl Durkee 
for we were anxious to get home and 
remembered how long sewage works 
men can talk. 

This plane was especially impres- 
sive to us because of its substantial 
construction of hard burned brick 
with Bedford limestone trim and the 
attractive enameled brick walls in- 
side. Fifty years from now this plant 
will look durable and clean cut and 
very little painting will be required. 
Another high spot of interest at Rock 
Island is the large, light and airy 
pump room with its complement of 
nine engines and their accessories. 

We arrived home early in the af- 
ternoon, armed with two large boxes 
of candy to pacify our better halves. 
So ended a most instructive and 
worthwhile trip. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ConpbucTEp BY LERoy W. VAN KLEECK 


The question for each man to settle is not what he would do 
if he had means, time, influence and educational advantages, 
but what he will do with the things he has. 


—Hamilton Wright Mabie 


Fourth Operation Report on the Sewage Treatment and Garbage 
Disposal Plant of Marion, Indiana, for the Year 1944 * 


By Davip Backmeyer, Superintendent 


Collection of Garbage 
The disposal of garbage by grinding 
and digestion with sewage sludge has 
probably provoked more comment and 
inquiry from sources outside Marion 
than any other single treatment opera- 


tion. The collection of the garbage, 
which is supervised by the sewage 


works superintendent, has at the same 
time caused more headaches in the past 
year than would ordinarily be encoun- 
tered in three of four normal years. 
With labor conditions as they are at 
the present time, it is extremely diffi- 
cult to maintain an uninterrupted 
schedule of garbage collections for any 
reasonable length of time. The total 
amount of garbage collected in Marion 
is far below that collected in the aver- 
age city of comparable size. Only in 
the month of August did the monthly 
production of garbage reach the 200- 
ton mark. This amount of garbage 
should be collected every month in the 
year if the total production is to reach 
the figure set by other cities. 


Handling Garbage 


Many improvements have been made 
in the method of handling the garbage 
after it reaches the treatment plant. 
Our experience seems to indicate that 
the ground garbage can be put in the 
sludge digesters in a more profitable 
manner by keeping it in a separate 
well and not mixing it with the sewage 

* For previous extracts see This Journal, 14, 
722 (May, 1942) and 16, 1,000 (Sept., 1944). 





flow. The single piston plunger pump 
installed at the plant is used for the 
transfer of the ‘garbage from the well 
to the digestion tanks. Several changes 
have been made in the design of the 
garbage well bottom since the well was 
first constructed, and all of the kinks 
have not vet been removed. 


Gas Produced by Garbage 

The gas recovered from the garbage 
is valuable as a fuel when used in the 
plant gas engines. Our data would 
indicate that 260 lb. of volatile material 
from a ton of green ground garbage 
should produce 2,600 cu. ft. of gas 
when properly digested with sewage 
sludge. This volume of gas has an 
aproximate value of one dollar when 
used as fuel. The garbage department 
is reimbursed at the rate of $1.00 per 
ton for the garbage delivered at the 
sewage treatment plant. Laboratory 
seale research work is being continued 
in an effort to determine what propor- 
tion of the gas generated should be 
credited to garbage solids, and what 
proportion to sewage solids. 


Increased Air Requirements from 
Canning Wastes 


During September and October the 
local Birdseye-Snider Division of Gen- 
eral Foods packed a record crop of 
tomatoes. More than 11 m.g. of waste 
from this plant was metered during 
one six-weeks period. For the first 
time since the plant was first put in 
operation four years ago, the aeration 
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air volume from the two gas engine 
driven blowers had to be augmented by 
a third blower unit which is electric 
motor driven. This condition was a 
direct result of the high oxygen de- 
mand of the tomato canning waste. 
Except during the two-month canning 
season, two blowers give sufficient air 
for the remainder of the summer load, 


TABLE 1.—Summary of 1944 


Item Average 
Sewage flow, m.g.d......... 4,32 | 
Estimated population served, 
SOUINIAS sols soos a pb sw i ss . 26,700 
Compressed air data: 

Cu. ft. air per gal. sewage for 
neratzon........ Bec 2 0.77 

Pounds B.O.D. removed per 1,000 
Vihy Uh na ee 1.18 | 

Cu. ft. air per lb. B.O.D. removed 887 

Per cent of air from sewage gas. . 85.2 

Physical data: 

Digester temperature, ° F.: 
Pomary........ 97.0 
Secondary. . 85.0 

pH: 

MAW BOWARE.......-....00.05 7.9 
Plant effluent. . 7.7 
Detention, hrs.: 
Primary tanks... . 1.69 
Final tanks... . 2.61 
Digester gas: 
Cu. ft. per capita per day....... 1.97 
Per cent total power from gas... . 74.6 


Raw primary sludge data: 

Thousand gals. pumped, total for 
9,192.3 
eM 5.61 
Volatile dry solids, per cent. . 54.3 
Grit removed from sewage and gar- 

CO a) 
Suspended solids data: 

Raw sewage, p.p.m......... 


3,925.0 


229.0 


Primary effluent, p.p.m..... 107.0 
Final effluent, p.p.m...... 11.0 
Per cent removal: 

Primary tanks......... 52.0 

Lyk 3 LS Rs eee 95.2 

B.O.D. data: 

Raw sewage, p.p.m......... 172.0 
Primary effluent, p.p.m... . . 119.0 
Final effluent, p.p.m...... 12.0 
Per cent removal: 

Primary tanks...... 31.0 

Co 92.9 
Mississinewa river above plant, 

0 NR 45) oS eee ».0 


* Includes sewage volatile solids. 
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and one blower unit supplies the air 
during the winter months. 


Liquid Sludge Disposal 
The disposal of the liquid sludge as 
fertilizer by trucking to farm land in 
the vicinity of the treatment plant has 
been carried on for more than a year. 
A total of 6,641 truck loads repre- 


Operating Data, Marion, Indiana 


Item Average 
Mississinewa river below plant, 
MUM a iors Sois't Gas ae SSS 7.0 
| Activated sludge data: 
LOR TOS. |. 4.19 
| Mohlman index................ 57.0 
Suspended solids, p.p.m......... 3,220.0 
Flow in m.g.d. of return sludge... Zz 
Per cent of raw sewage flow (re- 
(UPR EUNGRC) os oo c. ce ae ces 28.7 


Suspended solids in return sludge, 
SVU MORES ie po euce Spins oss 208 12,385.0 


Ash in return sludge, per cent... . 43.1 
Digested sludge data: 

1,000 gals. removed, year........ 6,831.2 

Dry solids, per cent............ 4.75 
No. of truck loads hauled, year... 6,641.0 
| Tons dry solids removed, year... 1,311.6 
| Labor cost of sludge removal, 
| REE Sess Ril Dice ats cae coh $3,276.84 
| Truck fuel and maintenance cost, 

WR een ees wes $ 826.20 

| Revenue from sludge sale, year... $ 949.80 


| Garbage disposal data: 
Thousand gals. ground garbage 


PuUuMHeG, VERT... 0.5. sce ees. 685.1 
| ‘SGN er ORAL... 2c cs .a. ease 4.43 
| Volatile solids, per cent......... 86.6 
Thousand Ibs. volatile solids di- 
LL lr 2,427.1 
Cu. ft. gas per lb. volatile solids*. . 8.04 
Tons green garbage, year........ 1,049.6 
Thousand cu. ft. gas from garbage, 
WET oo ccee tt asudt earn ens Ge Gvs 1,702.0 
Per cent of total gas from garbage 8.9 
Treatment costs data, dollars: 
Col Ca tc) ee Ae ra 17.91 
Cost per capita per month....... 0.086 
Cost per 1,000 lb. B.O.D. removed 14.13 


PAVTON TOP POAP. so. sc sos. nde ss 18,314.75 


Materials and maintenance for 


RR nae cate tn take SophE ats fase dc 4,787.76 
1944 budget for treatment, new equip- 
ment and construction, billing, etc. 
but excluding principal payments 

and interest on bonds, dollars. ... 50,724.00 


phir e608 ¢- 
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senting 6,831,000 gal. of liquid were 
hauled in the twelve-month period cov- 
ered by this report. Many farm orders 
cannot be filled because of limited de- 
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livery facilities, but it is hoped that 
some time in the near future the proper 
government officials will give us a 
release for another truck. 


Annual Report of the Buffalo Sewer Authority for 1943-1944 * 


The Buffalo Sewer Authority, a pub- 
lic benefit corporation, was created by 
an Act of the Legislature passed in the 
spring of 1935. To it was delegated 
the responsibility for providing an 
effectual means of relieving the Niagara 
River and other tributary streams 
from pollution by sewage and wastes. 
The Authority has accepted and dis- 
charged its responsibility in full con- 
formity with the intent and spirit of 
the mandate of the New York State 
Department of Health to discontinue 
pollution of the Niagara River. 


Report on the Sewage Treatment 
Works 


By JoHN W. JOHNSON, 


Works Superintendent 

Pumping 

Inspection of the wet wells indicated 
that the concrete mats and deflectors 
installed to fill worn spots beneath the 
suction of the main pumps were giving 
good service. At the same time it was 
discovered that timber baffles in the 
channel throat on one side had elimi- 
nated the settlement of grit deposited 
at the rear of the well, but had caused 
a deposit to form under the suction 
bells of the idle pumps. The structure 
was dismantled and relocated, and fur- 
ther studies will be made of this prob- 
lem. 


Primary Sewage Treatment 


Transfer of skimmings or scum and 
its final disposal has always been a 
major operating problem. Lines and 
pumps which handle this material sel- 


For previous extracts see This Journal, 11, 
6, 1,083 (Nov., 1939); 14, 2, 455 (March, 
(1942); 18, 3, 592 (May, 1941); 16, 6, 1,239 
(Nov., 1944). 





dom work at rated capacity and in- 
cinerating units do not efficiently con- 
sume it. For a time during early 
spring all skimmings were raked by 
hand from scum boxes at the clarifiers 
into portable carts. The skimmings 
wheeled to an outside hearth were 
readily incinerated. With the advent 
of warmer weather the oils and greases 
became more fluid causing spillage in 
transportation and difficulty in reten- 
tion on the grates of the incinerating 
hearth. Because of these hindrances 
and due to the fact that about two 
tons were removed each day, the proj- 
ect was temporarily abandoned. 


Disinfection 


Chlorine was added to the sewage 
based on the determination of hourly 
demands. Close co-operation was effee- 
ted between the chlorine station and 
the final effluent station to maintain 
0.1 p.p.m. residual. Dosage averaged 
4,280 pounds per day with a total of 
1,567,650 Ibs. of chlorine being added 
to the flow for the current year. The 
daily presumptive coliform bacterial 
kill averaged 97.9 per cent, which was 
equal to the six-year average. (Ab- 
stractor’s note: Reporting bacterial re- 
sults by the percentage kill is frequent- 
ly misleading. Later in the report it 
is stated that complete chlorination is 
not attempted during the period of 
storm flows and for comparative pur- 
poses the dry weather average data 
for bacterial content were calculated 
to show the relationship to the over 
all average. The caleulations, it is 
stated, showed the raw sewage to have 
a content of 112,000 per ml. during 
such periods, whereas that of the efflu- 
ent averaged 1,500 per ml., resulting 
in an average kill of 98.7 per cent. It 
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ean readily be seen that while the per 
cent of kill is high there are still sub- 
stantial numbers of coliforms still pres- 
ent in the effluent. For conditions in 
the Niagara River this count may be 
perfectly acceptable but is far, for ex- 
ample, from the standard of the Inter- 
state Sanitation Commission of New 
York, New Jersey and Connecticut, 
which allows not over 1 coliform per 
ml. in more than 50 per cent of the 
bacterial samples collected.) 

Early in the year experimental work 
with the potential cell and recording 
apparatus for the measurement of 
chlorine demands of sewage was inter- 
rupted. Further refinement in the 
unit must be made before work can be 
resumed. 


Control of Scum in Digestion Tanks 


Monthly sludge inventories indicated 
a range in scum solids varying from 
60 to 80 per cent by weight, averaging 
at times 20 per cent dry solids and 70 
per cent volatile matter. During peri- 
ods when dry solids concentration was 
high, recirculation of supernatant 
liquor was used to break down the 
deep mass, facilitating removal of the 
material, improving the digestion pro- 
cess and increasing the rate of gas 
production. In a further effort to di- 
gest this accumulation, which averaged 
12 ft. in depth, quantities of ammoni- 
um-sulphate were fed into one tank. 
After the introduction of this chemical, 
containing 25 per cent available am- 
monia, there was a noticeable increase 
in tank activity and gas production 
within a short time. It was also pos- 
sible to withdraw top material more 
readily than with recirculation alone. 
Additions of this chemical were made 
in small amounts compared to the total 
tank contents. This was done to pre- 
vent any overflow of the active mater- 
ial. Later in the year the volume of 
scum was greatly reduced by the abil- 
ity to increase the load to the sludge 
incinerators, and further additions 
of ammonium sulphate were withheld 
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until such time as the grease may be- 
come stiffened again. 


Additional Comments on Sludge Dis- 
posal 


Benefits derived from revision of the 
raw sludge inlet line and provision of 
a larger gas take-off line in one of the 
digestion tanks last year warranted 
similar changes to the others. During 
the current year a second tank was 
emptied to a point where all of the 
sludge, supernatant liquor, heating 
coils and gas lines were exposed. This 
time, because the material remaining 
in the lower part of the tank was soft, 
it was not possible to work from float 
stages on the surface. Suspended 
working platforms had to be erected 
but, fortunately, no work was _ neces- 
sary on the heating coils, which made 
this installation less extensive than be- 
fore. The original 4-in. gas line was 
left in place and was connected to thie 
recirculating equipment. This was 
done to provide an integral and pro- 
tected system, which does not exist in 
the exposed exterior riser and_ hoses 
used to carry supernatant liquor into 
the domes of the digesters. It has 
been found that raw sludge at the full 
pumping rate can now be taken by 
either one of these tanks and metered 
gas production from them is double 
that of the other two tanks, which 
have not as yet been revised. 

During an interim of periodic in- 
spection, the wood roof deck of one of 
the floating covers began to disinte- 
erate. Although the planking is un- 
treated, this was perplexing as the 
other three roofs were sound. Tem- 
porary repair and support to the weak- 
ened members were made until materi- 
als can be secured that will be resistant 
to the humid conditions prevailing be- 
tween the steel bottom and the decking 
above. Louvered ventilators were im- 
mediately provided for use during the 
warmer months to aid in relief of this 
condition. 

Dictated by safety requirements, the 
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flame and moisture traps on the gas 
supply lines and the pressure-vacuum 
relief valves at the gas domes were 
cleaned and adjusted twice during the 
year. For a time the pressure release 
on the latter was reduced so that the 
weight of the covers might aid in sub- 
mergence of top sludge, but it was 
found that higher pressure under the 
cover gave greater assistance in the re- 
moval of the material. 

Disposal of sludge was scheduled ac- 
cording to the results obtained from 
monthly sludge inventories made on the 
digestion tanks. 

Emphasis on raising the volume of 
scum to be incinerated caused increased 
use of conditioning chemicals, as much 
of the lime was lost to the grease par- 
ticles in the sludge cake. Near the 
end of the year the supply of pre-war 
filter cloths purchased in 1941 became 
depleted. Several new cloths subse- 
quently used, which were purchased 
last year and were available only in 
lighter weight Canton flannel, had a 
much shorter life. This one item alone 
increased the cost of operation of this 
department several hundred dollars. 
Two of the bucket elevators, which 
carry digested sludge to the condition- 
ine tanks, were rebuilt. By eliminat- 
ing two sharp bends on the return 
travel of the buckets and by shortening 
the total leneth of the conveyor, greater 
speed was provided and a longer oper- 
ating life insured. 

The lower sections of the tile-lined 
cyclones of one unit were renewed 
after having operated 24 months with 
a minimum of repair. This service, 
compared with the operating life of 
three months for steel plate liners, has 
proved the worth of the tile. 

Kndeavoring to find an outlet for 
the sludge, contact was made in the 
local fertilizer market and as a conse- 
quenee 50 tons of dried sludge were 
drawn off the furnace surge bins, 
bagged and sold to a local fertilizer 
company. The material was used as a 
filler in a standard type of commercial 
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fertilizer. Final report as to the value 
of this addition has not yet been 
obtained. 


Report on Activities of the 
Laboratory 


By Grorce F. Fynn, Chief Chemist 
Sludge Digestion Tank Inventories 


For the purpose of caleulating sludge 
loadings and to sehedule incinerator 
operations, an inventory of the sludge 
digestion tanks was made each month. 
This work involved sampling at 2-ft. 
intervals throughout the depth of each 
tank, and laboratory analyses were 
conducted on composites for solids and 
volatile matter content, pH, and vola- 
tile acids. Due to the accumulation of 
scum encountered a revision to the sam- 
pler was made by constructing a bullet- 
shaped piece of steel, which might be 
attached to the sampler for added 
weight when abnormal conditions were 
experienced. The efficacy of this addi- 
tion has been notable especially during 
the winter months. 

The industrial waste program was 
furthered during the year by analyz- 
ing the discharge from several con- 
cerns. This work was conducted in co- 
operation with the Engineering Divi- 
sion, which scheduled the programs of 
sampling. Grab samples were collected 
by the division and, if preliminary tests 
indicated a condition which should be 
eiven further study, a sampling proce- 
dure was inaugurated to cover the pe- 
riod of operation in the plant under 
investigation. Analyses were made to 
determine concentrations of suspended 
solids and chlorine demand for com- 
parison with the average strengths of 
the sewage as received at the treatment 
plant. During the year the laboratory 
conducted analyses on the wastes of 
various industrial establishments in- 
eluding tanneries, rubber reclamation 
plants, breweries, a gas company, sev- 
eral meat packing plants, a milk and 
dairy products concern and several in- 
dustrial and household laundries. 
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TABLE 2.—Summary of 1944 Operating Data, Buffalo, New York 


Item Average 


Sewage flow, m.g.d......... 136.0 
Population served, approx........ 590,400 
Analytical data: 

Suspended solids, raw sewage, 


oS RS eee 207.0 
LS Co 0.39 
Grit tree, .M:.. 0... ess. 199.0 
ent, PPA... ........5-- 121.0 
Percent Temoval............° 41.4 
Settleable solids: 
Influent, p.p.m....... Settee: 93.0 
Per cent removal by settling 
(725), Soe 48.7 
pH of raw sewage........... re 
B-O:D.: 
DS OO, re 136.0 
Piivent, .M:..........+.- 101.0 
Per cent removal............ 25.7 
Chlorine demand: 
LS Oe 5.0 
Supernatant liquor, p.p.m..... 324.0 
Total demand, p.p.m......... 5.43 
Presumptive Coliform bacteria: 
Raw, 1,000'perml........... 105.0 
Effluent, 1,000 per ml........ 2.18 
Soon | ie be 97.9 
Grit: 
Ow ft. per me........- eee 2.45 
Per cent dry solids....... tie 54.5 
Per cent volatile solids. ..... ‘z 41.8 
Raw sludge: 
Per cent dry solids......... 7.3 
Among other problems that de- 


manded the attention of the staff were 
studies of the grease content of the 
sewage and sludge, a consideration of 
the suitability of the ground water at 
one location for possible use as plant 
water, the fertilizer value of the di- 
gested sludge from the nitrogen, phos- 
phorus and potash content, the effect of 
ammonium sulphate additions on the 
digestion tanks, and the possibility of 
the utilization of a waste lime slurry 
for conditioning. 


Report of the Sewers Department 
By Cart L. Howe.n, Supt. of Sewers 


Operation of Sewer Patrol 


Regular inspection of siphons, inter- 
cepting and overflow chambers and 
manholes, and other appurtenances has 


Item Average 
Per cent volatile solids......... 04.2 
LORS | SR ne 6.3 


Sludge digestion tank operation: 
Digested sludge: 


Per cent dry solids.......... 8.7 

Per cent volatile solids....... 59.3 
Supernatant liquor: 

Per cent dry solids.......... 3.3 

Per cent volatile solids. ...... 53.6 

1 ERS oa hae ne 7.0 
Tank temperatures, ° F......... 94.0 
Gas production: 

1,000 cu. ft. perday......... 472.3 

oo: 0, | Sh a 35.3 

CU TtOPIGAD .. 6055 5 eee 079 

| Incineration of sludge: 

Sludge cake: 

Wet tons per day........... 81.0 

Per cent dry solids.......... 36.4 

Per cent volatile solids....... 50.3 
Ash: 

1,000 Ibs. dry solids per day. . 23.4 

Per cent volatile matter...... 4.3 
EeBE OGG SOMO iio cetera b eae 9.74 
POPMONG MOS. 6 oss se Sees s es 2.05 


Total miles sewer, June 30, 1944. . 759.03 
Employees in sewage treatment 

SUESIRRS ee (cE RO eRe orotate OS 127 
Cost of operation of plant, dollars. 409,351.64 
Cost of operation per m.g. treated, 

SUIS IMELES eens Ark ti Re ene eo 8.23 





been continued by the Sewer Patrol, 
consisting of three men with an ade- 
quately equipped truck. There are 
now 244 such points of inspection in 
addition to 16 gauging stations in 
trunk sewers. <A total of 7,274 such 
inspections have been made during the 
past year. In these inspections, con- 
nections to the intercepting system 
have been found completely stopped 
on 285 occasions, with sewage overflow- 
ing the weirs to the overflow outlet, and 
on 56 occasions connections have been 
found partially clogged. On many 
other oceasions points of interception 
have been found to have small aeceumu- 
lations of debris which, if not removed, 
would have caused further accumula- 
tion and eventually clogged the connec- 
tions. Wherever possible, all connec- 
tions of the above character have been 
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cleaned and kept in good working con- 
dition by the Sewer Patrol. (Ab- 
stractor’s note: This cleaning and in- 
spection of sewer appurtenances de- 
serves much more than passing notice. 
Many communities, especially the 
smaller cities and towns, fail to pro- 
vide men or funds for such work with 
the result that stoppages occur at the 
most inopportune times, lawsuits some- 
times are instituted against the com- 
munity, and in particular the overflow 
of raw sewage occurs during dry 
weather flow when all sewage should be 
reaching the treatment plant. In view 
of the funds appropriated and the ef- 
fort expended for the treatment of sew- 
age, it is illogical that all the sewage 
that should reach a sewage treatment 
plant for treatment does not do so be- 
cause of inadequate supervision of 
overflow chambers and sewers. Con- 
eratulations, Buffalo, for setting this 
eood example!) 

During the vear, 1,017 sewers with 
a total aggregate length of 745,217 
lineal feet have been cleaned. The 
sewer cleaning cost was 7.1 cents per 
lineal foot. Of interest is the fact that 
throughout the city are some sewers 
which have never been cleaned and 
upon inspection year after year con- 
tinue to remain in the best condition. 


Industrial Wastes Survey 


The making of special charges for 
treatment of industrial wastes of un- 
duly high concentrations, which cause 
incfeased treatment expense, has now 
become an established practice with the 
Authority. These special charges, 
which are for the purpose of reimburs- 
ing the Authority only for the cost of 
chlorine consumption and of chemicals 
and power used for the disposal of 
solids in excess of normal sewage re- 
quirements, are determined from the 
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adopted rate formula set forth in the 
annual report for the previous fiscal 
year (see This Journal, 16, 6, 1,239 
(Nov., 1944) ). 

Special charges are now regularly 
being made to a number of concerns 
whose wastes are particularly strong. 
The types of industry in which these 
concerns are engaged are rubber re- 
claiming, tanning, slaughtering, indus- 
trial laundering, ete. The cost of 
cleaning certain sewers is being di- 
rectly assessed against two concerns 
whose wastes continue to eause block- 
ages in these sewers. 

Considerable work has been done 
during the past year toward determin- 
ing the effect upon the chlorine demand 
and suspended solids content of wastes 
from rubber reclaiming processes when 
diluted with normal sewage. A de- 
crease in chlorine demand and an in- 
crease in suspended solids has been 
noted. Studies of laundry wastes have 
indicated a marked difference in 
strength of wastes from those places 
laundering industrial garments and 
cloths and those devoted exclusively to 
laundering domestic articles. - The 
wastes of launderies devoted to domes- 
tie work have not appeared of sufficient 
warrant — special 
charges. Studies have been continued 
of the wastes from breweries with indi- 
cations that such wastes are not exces- 
sively strong. 

Efforts have been continued during 
this year to restrict the entrance of oil 
and grease into the sewer system. 
Where oils and greases have appeared 
in sewers, the concerns believed to be 
responsible for the same have been con- 
tacted and have in general readily 
agreed to co-operate in this effort. The 
accumulation of grease in certain 
sewers has continued, however, to be 
a major problem. 


coneentration to 
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TABLE 3.—Summary of 1944 Operating Data for Gary Sanitary Distict 
Main Sewage Treatment Plant, Gary, Indiana 


é 


Item 


Population served, estimated. .. 
Sewage pumped, m.g. total for 


m. 
Suspended solids removed, lbs. 
MERE Lao 595 os ce 95 2 00 « 
5-Day B.O.D. removed, lbs. for 
RMN RE es sian Gaus sivis wa. >' 
Gas production, cu. ft. for year. . 
Average daily gas production, 


Value of gas used, dollars...... 
Air blown, million cu. ft. for year 
Reduction in suspended solids, 
SO soo gros. 6S o's sip ss o's = 
Reduction in 5-day B.O.D., per 
OL ESS Se Se ee 
Total cost of operation, dollars 
for year Oe da acee 
COS Cod. 
Cost per capita............ 
Cost per 1,000 lbs. B.O.D. re- 
ae 
Per cent of sewage pumped with 
sludge gas, year 
Cu. ft. air used per gal. sewage 
oS 
Per cent air blown with sludge 
“83 ee 
Lbs. B.O.D. removed per 1,000 
OS i 
Cu. ft. gas produced per capita. 
xas produced per lb. solids adde d 
Gas produced per lb. volatile 
SONGS RAGE... ...0.......-.- 
Screenings removed in cu. ft. per 
ar i 5 sso iSy6.:0a 
Grit removed in cu. ft. per m.g... 
Lbs. solids removed daily, dry 
DOSS She eee 
Lbs. solids removed per m.g.. . . 
Settling period in hrs... ... 
Lbs. B.O.D. removed daily. 
Lbs. B.O.D. removed per m.g... 
pH: 


ow joi yee 
Return sludge... . 
B.O.D., 5-day: 
Raw sewage, p.p.m...... 
Settled sewage, p.p.m........ 
Per cent reduction by settling 
Final effluent, p.p.m...... aS 
Per cent reduction, over all. . 
Suspended solids: 
Raw sewage, p.p.m...... 


Average 


100,000 
6,892 
18.83 
18,173,772 


9,734,489 


56,502,200 


154,378 

22,661.08 
3,195.72 

98.4 

96.4 
80,230.71 
11.64 
0.80 
8.24 
88.08 
0.48 
99.97 
1.40 
1.54 

3.1 
6.2 


0.24 
8.99 


49,655 
2,782 


2.18 | 


26,597 
1,412 


NOs 
wows 


o OO 
DR oo or 

Ns Or 
© dO OC or 


96. 42 


321.22 


| 
| 
| 
| 


| 
| 
| 
| 
| 


Item 


Settled sewage, p.p.m........ 
Per cent reduction by settling 
Final effluent, p.p.m......... 
Per cent reduction, overall. . . 
Aeration data: 
Suspended solids, mixed liquor, 
eee ee 
Sludgeindex............ 
Suspended solids, return sludge, 
UB. Nee ocsctats Git oa ri.e 
Per cent return sludge 
Aeration period, hrs... ... 
Secondary settling period, hrs, 
Secondary area loading, gals. 
UD Ca | eee ae ae eae 
*Raw sludge pumped, gals. daily 


| *Raw sludge dry solids, per cent 


*Raw sludge dry volatile solids, 
per cent.... 


| Gas analysist: 


Carbon dioxide, per cent... .. 
Oxygen, per cent........... 
Methane, per cent 
Hydrogen, per cent......... 
Nitrogen, per cent 
Hydrogen sulphide, kc 
per WOO CUS Tt... 666. ess 
Hydrogen sulphide, se crubbed, 
grains per 100 cu. ft....... 
Gross heat value, B.T.U..... 
Digested sludge: 
Per cent dry solids, all digesters 
Per cent volatile solids, all di- 
MR EN UNIS cee eee obras Wa) ,9"%s 
Drawn to drying beds, gals., 
total... 
Dried sludge 
total tons 
pH digested wet sludge 
Average number of beds filled 
Cee CN! ne a ra 
Bacterial analysis: 
Total bacteria per ml.: 
RaW BOWERS... 2046005008 
Final effluent 
B. Coli, M.P.N. 
Raw sewage 
Final effluent 


produced, 


cake 


| Grand Calumet River Survey: 


Dissolved oxygen, p.p.m.: 

+ mile upstream...... 

1 mile downstream. . . 

1} miles downstream...... 
5-Day B.O.D., p.p.m.: 

1 mile upstream...... 
1 mile downstream..... 
1} miles downstream. . . 


Average 


108.26 
66.29 


§.13 


98.40 

1,221 
78.1 

4,203 

34.66 

4.68 

3.34 
666 
139,736 

5.04 


4.04 
674.1 


5.64 
44.2 
8,776,585 


4,685.75 
7.0 


15.35 
762,000 
41,200 


2,400,000 
96,000 


* Mixture of primary and waste activated sludge, plus solids in supernatant liquor. 


¢ Averages of one sample per month. 
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Fourth Annual Report on the Gary, Indiana, Sewage Treatment 
Works for 1944 


By W. W. Matuews, Supt.* 


This plant is an activated sludge, 
diffused air type with separate sludge 
digestion. Garbage grinding equip- 
ment is included as part of the plant 
but has not been used to date. The de- 
sien is based on a flow of 40 m.g.d. and 


170,000 population. The plant was 
placed in operation on August 23, 1940. 
Table 3 is a summary of 1944 operat- 
ing data. Additional comments on 
1944 operations will be found in This 
Journal, 17, 5, 1,064 (Sept., 1945). 


TIPS AND QUIPS 


Columned at Columbus during the 
Nineteenth Annual Meeting of the Ohio 
Conference on Sewage Treatment on 
October 31 and November 1, 1945...a 
better than average registration of 90 

a program distinguished by the 
spontaneity, technical caliber and spir- 
itedness of the discussion from the floor 

the instruetive and entertaining 
narrative of the experiences and ob- 
servations of Lt. Col. F. D. Stewart 
during his service in the Sanitary 
Corps of the army, while stationed in 
Iran... and the interesting recitation 
by E. E. Smith (back at Lima after 
military service) of his observations of 
sewage works practices in Italy ... the 
paper on synthetic rubber wastes by 
C. C. Ruchhoft, who displayed sam- 
ples of the wastes and created an ol- 
factory atmosphere of unquestioned 
authenticity ... the illustrated lec- 
ture given by Dr. A. J. Fischer in 
which he revealed the stark and com- 
plete destruction wrought upon Ger- 
many during the war, as observed by 
Dr. Fischer during his 3-month tour of 
inspection last summer . . . the unveil- 
ing of the mind of an acknowledged 
politician in the banquet address of 
State Senator Roscoe R. Waleutt of 
Ohio, whose remarks were punctuated 
by frequent gems of humor .. . the en- 
joyable assignment of presenting the 


* For previous extracts see This Journal, 
16, 3, 637 (May, 1944); 17, 5, 1064 (Sept., 


1945). 


Federation’s 1945 Kenneth Allen 
Award to F. H. Waring, Chief Engi- 
neer of the Ohio State Department of 
Health ... and Mr. Waring’s revela- 
tion of the pollution abatement activity 
of his office, the effectiveness of which 
is proved by Ohio’s hundred million 
dollar backlog of sewage works econ- 
struction in the design stage ... the 
threatened imposition of the old Ohio 
Conference rule that any member who 
errs in his use of sewage works termi- 
nology is fined one dime per violation 

which is indicative of the desire 
of this group to achieve perfection .. . 
and the conviction at the end of the 
meeting that ‘‘Buckeye Sludge’’ will 
bulk and foam only rarely so long as 
the valves are manipulated by these 
indomitable operators! 





Unusual indeed is the sewage treat- 
ment plant at Richmond, Ind., where 
hard working Ed Ross superintends. 
Located in a beautiful natural setting, 
advantage is taken of the rough topog- 
‘aphy to utilize the 30-odd feet of head 
to supplement air application at the 
activated sludge units. The aeration 
tanks are in three sections with a dif- 
ference of about 15 ft. between the 
water surface elevations; ‘‘ Aero-mix’’ 
aerators are utilized in the second and 
third sections to augment the diffused 
air supply to the extent of about 700 
eu. ft. of air per minute. The plant 
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has no raw sludge pumps, sludge dis- 
charge from the sedimentation tanks 
to the digesters being by gravity—an- 
other unusual feature. 

The operation problems of principal 
concern at the moment are manpower 
and chrome plating wastes. Supt. Ross 
is anticipating the day that he will 
have sufficient men to catch up on 
painting and other general mainte- 
nance work. In the meantime, he finds 
occasional diversion in the _ periodic 
batches of chrome wastes that turn the 
activated sludge to a light vellow color 
and cause the flocs to break up and 
lose their density. No trouble during 
the s’’ visit, however; the 





‘*Corner’s 
sludge index was about 75, according 
to the pulechritudinous Mrs. Miller, 
plant chemist. 

And, as the crowning item of indi- 
viduality of this plant, it is the first 
one in our experience to boast a fire- 
place in the superintendent’s office! 





Charted at Charlotte at the time of 
the 25th Annual Joint Conference of 
the North Carolina Sewage Works 
Assn. and North Carolina Section, 
A. W. W. A. on November 5-7, 1945 

about 300 registrants—not good, 
but very good! . the snappy and 
punctual job of presiding turned in by 
Chairman E. M. Johnson at all techni- 
eal sessions and by J. R. Purser at the 
banquet ... the down-to-earth round 
table discussions on sewage works prob- 
lems, ably led by S. R. Kin and D. 
York . . . an impressive demonstration 
of southern hospitality in the general 
conduct of the meeting as arranged by 
G. S. Rawlins, J. L. Greenlee, J. R. 
Purser, W. E. Vest, H. F. Davis and 
numerous others . . . the opportunity to 
visit and compare notes with dynamic 
Harry Jordan, Secretary of A. W. 
W. A. ... the verbal and visual trip 
to Brazil with Dr. H. G. Baity, who 
headed some of the recent work of the 
Institute of Inter-American Affairs in 
that nation—a presentation that was 
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on a par in photographic technic, lan- 
euage and subject matter with the of- 
ferings of the best geographical publi- 
cations . enhanced by the paper 
given by Col. H. B. Gotaas, President 
of the Institute of Inter-American Af- 
fairs, in which he described the work 
of that agency in promoting environ- 
mental sanitation in eighteen Latin- 
American nations .. . the designation 
by the N. C. S. W. A. of Col. Gotaas 
as the recipient of the 1946 Kenneth 
Allen Award ... the technical papers 
by Capus Waynick of North Carolina 
and R. D. Farrell of Tennessee, from 
which it was evident that these two 
states are on the high road and in high 
gear in the initiation of sound, practi- 
eal pollution abatement programs. . . 
the brief but instructive tour of the 
Sugar Creek and Irwin Creek sewace 
treatment plants at Charlotte, where 
a good practical job is being performed 
by 17-vear-old plants that are heavily 
overloaded ... and then back home via 
the airways, with a stop-over in Wash- 
ington, to conelude a most pleasant and 
profitable trip! 


A stop at Decatur, IIl., at dusk one 
dark November day found Supt. W. D 
Hatfield poring over tabulations of 
operating data. And his time was be- 
ing well spent, for the Decatur plant 
is one that receives and handles a heavy 
flow of tricky industrial wastes in units 
that are loaded far beyond conven- 
tional limits. The main plant com 
prises grit chambers, Imhoff tanks, ac- 
tivated sludge units and trickling fil- 
ters. At the time of visit the settled 
sewage flow was being divided between 
the two secondary treatment processes 
—only one of several flow sequences 
that is possible in the layout. 

Imhoff tanks loaded at rates of 1.5 
to 3.5 lb. solids per cu. ft. per month, 
filter loadings from 400 to 875 lb. per 
acre-ft. daily, final settling rates up to 
3,300 gal. per sq. ft. per day—these 
are characteristic of the burden im- 
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posed by starch manufacturing and 
metal plating wastes and others. As 
regards the unusual digestion efficiency 
of the Imhoff tanks, it is significant 
that the raw sewage temperature is 85° 
to 90° F, 

The starch wastes are the major 
problem and their control involves a 
striking story of the practical applica- 
tion of laboratory data in the achieve- 
ment of close co-operation between in- 
dustry and municipality. A separate 
hourly grab sample of raw sewage is 
taken at the times the portions are col- 
lected that make up the daily com- 
posite. The first laboratory operation 
is to make an oxygen consumed deter- 
mination on the composite and if the 
result is low the grab samples are dis- 
carded beeause it has been established 
that the starch wastes are of normal 
character. If the oxygen consumed 
result on the composite is high, chlorine 
demand, oxygen consumed and a sim- 
ple sugar test are determined on each 
hourly grab sample. 

The starch manufacturing losses are 
either in the form of general process 
water or of a specific waste having a 
high sugar content. The process water 
has a high chlorine demand and B.O.D. 
while the sugar losses have a high oxy- 
ven consumed, low B.O.D. and little, if 
any, chlorine demand. Thus, the sugar 
waste does not affect the plant loading 
as reflected by population equivalent 
but does have a marked influence on 
the activated sludge. Quick and con- 
venient pH determinations, made by 
use of a glass electrode, were formerly 
indicative of process water loss when 
in the low range. This has been nulli- 
fied as a control, however, by metal 
plating wastes contained in the sewage 
in recent years. 

The above procedure gives a rapid 
picture of the content of the flow re- 
ceived during the previous day. A 
telephone eall to the chemist at the 
starch plant informs him of the nature 
and approximate time of any losses so 
that he may trace and eliminate the 
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source. The industry values the serv- 
ice because it assists them in achieving 
maximum production efficiency by re- 
ducing waste. 

A secondary advantage of the pre- 
liminary spot tests is that they serve 
as a guide in the selection of B.O.D. 
dilutions. This is quite helpful at De- 
catur because of the wide daily 
variation. 

Operators of other plants receiving 
wastes from nickel plating processes 
may be interested to know that concen- 
trations of nickel as high as 50 p.p.m. 
in the raw sewage have not been detri- 
mental to the sewage treatment meth- 
ods employed at Decatur. 





Atoms from Atlanta, where the 
Georgia Water and Sewage Assn. held 
its Fourteenth Annual Meeting on De- 
cember 4, 1945... with 138 regis- 
trants, a satisfactory figure considering 
that this was just a one-day meeting, 
hurriedly arranged . . . the address of 
welcome by President Blake R. Van 
Leer of Georgia Tech in which he (1) 
admonished operation administrators 
to emphasize public relations functions 
if they expect to secure public appreci- 
ation of their efforts and (2) pointed 
out the association’s great responsibil- 
ity toward the advancement of public 
health in Georgia, as a prerequisite to 
the industrial development of the state 
... the remark by President Grady 
Wylds, in his pleasing Georgia drawl, 
as he introduced State Sanitary Engi- 
neer W. H. Wier: ‘‘Fifteen years ago 
we operators looked upon these state 
engineers as we would a ‘revenuer’; to- 
day we welcome them because we know 
they come to help us’’. . . one of the 
best ‘‘ Blueprint Now’’ talks we have as 
yet heard, by W. H. Wier... the 
discussion on the chlorination paper by 
N. S. Chamberlain that went right on 
through the luncheon hour... and 
then was revived later in the day . 
the extra-curricular dinner that was ar- 
ranged so that we could get better 
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acquainted with 34 leaders in sanita- 
tion in Georgia . and the tale, told 
during the ensuing ‘‘story hour,”’ of 
the youthful burglars who robbed the 


home of Atlantan W. J. Houston of. 


several items, including a copy of the 
Federation’s book Modern Sewage Dis- 
posal. When apprehended and ques- 
tioned as to why this precious tome 
(now out of print) was taken, one of 
the errant boys said that he ‘‘thought 
its was a mystery story”’ which 
conclusion has more than a little foun- 
dation in fact! . . . as well as the nar- 
rative by Consulting Engineer L. R. 
Singleton about the intermittent sand 
filter plant he designed during the 
Florida boom for the municipality of 
Haines City, where only a small frac- 
tion of the design population was real- 
ized and none of the sewage that has 
been received for treatment has ever 
been discharged at the plant outlet as 
effluent! ... the unbounded courtesy 
and favors extended by Georgians G. 
R. Frith, Van P. Enloe, M. B. Nixon, 
Henry Knapp and many others, who 
put a true southern accent upon their 
hospitality . .. and, throughout, the 
apparent observation that the Georgia 
Water and Sewage Assn. may not be 
the largest, but is certainly one of the 
strongest units of the Federation! 


A visit to three of the five sewage 
treatment plants serving Atlanta and 
environs made the ‘‘Corner’s’’ trip to 
that beautiful city complete. The ad- 
ministrative set-up here is similar to 
that of a sanitary district in that the 
Atlanta plants serve seven adjacent 
smaller municipalities. An unusual 
note is that the 800-mile sewage collec- 
tion system has only one pumping sta- 
tion—and that is a temporary one. 
M. B. Nixon, City Engineer of Sew- 
age, is in charge of all collection and 
treatment works. 

The first stop was at the R. M. Clay- 
ton plant, where the genial V. P. 
Enloe functions as _ superintendent. 


ra 
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This 42-m.g.d. plant is of the separate 
sludge digestion type and is equipped 
for chemical treatment when outlet 
stream conditions are critical. It has 
not been necessary to apply chemicals 
since the plant was built in 1938, when 
it replaced what were said to be the 
first Imhoff tanks construeted in the 
U. 8. (1911). 

The old Clayton plant also lays 
claim to being the first sewage treat- 
ment plant in the U. S. in which sew- 
age gas (collected at the Imhoff tank 
eas vents) was utilized for fuel. Dur- 
ing the time that Chas. C. Hommon, 
now of Columbus, Ohio, was superin- 
tendent, this gas was used for lighting 
the plant grounds, for cooking in the 
superintendent’s house and for labora- 
tory purposes. The old gasometer used 
for storage at that time has been kept 
for exhibit as an historical item. 

The plant is located adjacent to the 
city’s raw water pumping station on 
the Chattahoochee River, and the ex- 
cess digester gas is piped across for use 
in the water works boilers. This ex- 
cess flow of gas amounts to 200,000 to 
250,000 cu. ft. per day and is equiv- 
alent in fuel value to about 6 tons of 
coal daily. 

An interesting application of com- 
minutors as separate screenings erind- 
ers has been incorporated into the Clay- 


ton plant. Screenings are removed 
from the sewage by mechanically 
cleaned sereens and the screenings 


dropped into a trough, whence they 
are flushed by a continuous flow of 
river water to a 15-in. comminutor 
where they are shreaded and returned 
to the sewage. Thus, two 15-in. com- 
minutors (one of them a standby unit) 
suffice to grind the screenings from a 
sewage flow of 30 m.g.d. 

At the top of a hill near the plant, 
overlooking the junction of Peachtree 
Cr. with the Chattahoochee, are some 
of the original breastworks used by the 
Army of the South in its gallant de- 
fense of Atlanta during the Civil War. 
Historie soil, indeed! 
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The attractive South River plant, 
ceiving complete treatment by separate 
sludge digestion and trickling filters 
to 6 m.g.d., was the next stop. Two 
tiny Continental truck engines, alter- 
nately operated, generate all the power 
required here. Considerable trouble 
has been experienced by scum forma- 
tion in the digesters as a result of 
erease and fiber contained in the wastes 
from a tributary wool scouring plant. 
Co-operative work with the industry 
has eliminated much of the trouble but 
the heavy scum accumulation in both 
digesters has had to be removed manu- 
ally—no small project! Of interest 
here was the original idea (to us, at 
least) of Supt. Henry Knapp in re- 
vard to the wearing surfaces of the 
flight shoes of the grit collectors. The 
use of built-up rubber pads made from 
old automobile tires instead of the 
metal shoes has reduced the frequency 
of required attention to less than half, 
has reduced wear on the rails and has 
eliminated the purchase of replacement 
shoes. The scheme has been applied to 
the grit chamber equipment of all other 
Atlanta plants. 

The final stop on the tour was the 
Intrenchment Creek plant, also super- 
intended by Mr. Knapp. This plant 
was rebuilt in 1938 by conversion of 
the old Imhoff tanks (installed in 1911 
as the first in the U. S., with those in 
the old Clayton plant) to separate sedi- 
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mentation units, construction of addi- 
tional trickling filters dosed by spray 
nozzles, installation of a circular final 
sedimentation tank with peripheral 
magnetite filter, and other improve- 
ments. A flow of 14 m.g.d. is received. 

The automatic backwashing equip- 
ment of the magnetite filter was inop- 
erative during the visit because of the 
difficulty of securing certain electrical 
repair parts. The magnetite was in 
place and in service as a filter, however, 
the practice being to by-pass the tank 
for three hours each week while the 
sand is washed manually. 

Of particular interest here was the 
pilot plant used during the experi- 
ments by John A. Carollo on the effi- 
cacy of DDT in the control of psychoda 
flies, which work is reported elsewhere 
in this issue. 

Except for minor control tests, all 
of the laboratory work for the Atlanta 
plants is done at the Clayton works 
under the supervision of Chemist W. 
Norris Harris. 





Reconversion Short Story: 


‘*Blueprint Now”’ 
produced the 
plans. 
Now labor 
must provide the 
hands! 














Editorials 


FILTER FLY CONTROL BY DDT 


Since the day that the fame of DDT 
as an insecticide emerged from the en- 
veloping cloak of military secrecy, op- 
erators of trickling filter plants have 
been avidly awaiting information: as to 
the efficacy of this wondrous substance 
in controlling that vexatious varmint 
and pestiferous invader of eyes, ears, 
nose and throat—Psychoda, the un- 
wanted filter fly. It is with consider- 
able satisfaction that we present in this 
issue the results of two basie and con- 
clusive studies in which DDT was tried 
and proven as a control measure. 
Trickling filter operators (and, per- 
haps, some neighbors to such plants) 
are indebted to Capt. Carollo and Lt. 
Brothers and to the Sanitary Corps of 
the Army for the practical research re- 
ported here. 

Although the two investigations were 
conducted independently in plants dis- 
tantly located from each other, there is 
excellent agreement in the findings. 
Both workers arrive at the conclusion 
that DDT treatment is most effective 
when directed at the larvae, the chemi- 
eal being applied with the sewage flow ; 
control of the flies in the adult stage 
by application of the DDT to contact 
surfaces was found to be incomplete. 
There is some divergence of opinion of 
the authors as to the effective dosage 
of DDT when it is applied to the entire 
sewage flow for 24-hour periods but, in 
both cases, these studies were limited 
to small filter areas and should be sup- 
plemented by further plant scale work. 

The batch method of application 
suggested by Lt. Brothers appears to 
have merit as an efficient and positive 
procedure. Attention is directed to the 
fact, however, that the recommended 
dosage of DDT (1 p.p.m.) is based on 
the total daily flow of sewage to the 
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filter, whereas the actual application 
rate is much higher in the batch pro- 
cedure. For example, if the sewage is 
allowed to flow to the filter for, say, 
15 minutes after the batch of DDT 
emulsion is dumped, and is then shut 
off to allow for the contact period, the 
actual rate of application would be 
greater than 100 p.p.m. It is suggested 
that the batch dosage might better have 
been stated in terms of filter volume 
than in terms of sewage flow, e.g., as 
pounds of DDT (in 5 per cent emul- 
sion) per acre-foot of filter volume. 
On this basis, an application of about 
15 lb. of DDT per acre-foot would be 
equivalent to the 1 p.p.m. dosage as 
computed by Lt. Brothers. 

Neither of the papers refer to the 
costs involved. On the basis of ap- 
proximate current prices, with DDT 
at 50 cents per lb., Xylene at $1.10 
per gal. and Triton X-100 at $9 per 
gal., the cost of applying 1 p.p.m. of 
DDT to 1,000,000 gal. of sewage for 
24 hours would be about $36. <A 
flow of 1 m.g.d. would be the normal 
rate of application to a standard filter 
of about 0.5 acre in area. The effec- 
tive period of a DDT dosage of 1 
p.p.m. applied for 24 hours is some- 
what indefinite but should be at least 
15 days. The cost of a batch dosage of 
DDT, as recommended by Lt. Brothers, 
applied to a 6-ft. deep filter of 0.5 
acre area would be about $93, but 
such a treatment is shown to be effec- 
tive for 30 days. These cost estimates 
are conservatively high and it is quite 
likely that the unit prices of the ingre- 
dients of the emulsion will become 
much more favorable as time passes. 

The work of Capt. Carollo, an en- 
gineer, and Lt. Brothers, an entomolo- 
gist, recalls attention to the great range 

















Vol. 18, No. 2 


of scientific interest that is represented 
in the art of sewage treatment. -Prob- 
lems of entomological character are 
sufficiently common and perplexing in 
the sanitary engineering field in gen- 
eral to suggest that more attention 
should be invited from specialists in 
entomology. The Army Sanitary Corps 
recognized this fact during World War 
II and profited greatly thereby. 

These studies show definitely that 
DDT has promise as a positive control 
of the filter fly problem and it is hoped 
that further plant scale work will pro- 
ceed from the excellent experimental 
foundation that has been laid by Lt. 
Brothers and Capt. Carollo. Elimina- 
tion of the need of provision for flood- 
ine of trickling filters would remove 


FEDERAL POLICY 


One of the most important obstacles 
confronted by municipal officials in 
their planning of publie works has been 
the lack of a definite Federal policy as 
to Federal subsidization of such con- 
struction. The following extracts from 
President Truman’s ‘‘Message on the 
State of the Union,’’ presented to Con- 
eress on January 21, are pertinent: 


“In resuming public works construction, it is 
desirable to proceed only at a moderate rate, 
since demand for private construction will be 
abnormally high for some time. Our _ public 
works program should be timed to reach its 
peak after demand for private construction has 
begun to taper off. Meanwhile, however, plans 
should be prepared if we are to act promptly 
when the present extraordinary private demand 
begins to run out.... 

“State and local governments also have an 
essential role to play in a national public works 
program. In my message of September 6, 1945, 
I recommended that the Congress vote such 
grants to State and local governments as will 
insure that each level of government makes its 
proper contribution to a balanced public con- 
struction program. Specifically, the Federal Gov- 
ernment should aid State and local governments 
in planning their own puodlic works programs, in 
undertaking such projects related to Federal pro- 
grams of regional development, and in construct- 
ing such public works as are necessary to carry 
out the various policies of the Federal Govern- 
ment. 

“Early in 1945 the Congress made available 
advances to State and local governments for 
planning public works projects and recently made 
additional provision to continue these advances 
through the fiscal year 1946. I believe that 
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design complications and reduce con- 
struction costs; the flooding procedure 
is in itself most objectionable from an 
operation standpoint and will be glad- 
ly dismissed from standard practice at 
the first opportunity. Before DDT can 
be aecepted as the final answer, how- 
ever, there must be certainty that the 
dosages used will not be hazardous to 
aquatic life or to downstream users of 
outlet watercourses. The costs in- 
volved may also be a deterrent but it is 
believed that this factor is of only 
temporary significance. 

Then too, there are already rumors 
that even more efficient insecticidal 
chemicals than DDT are on the way. 
Mr. Psychoda, your future is indeed 
dubious! 


ON PUBLIC WORKS 


further appropriations will be needed for the 
same purpose for the fiscal year 1947... . It 
(Congress) is now considering legislation which 
would expand Federal grants and loans in several 
other fields, including construction of airports, 
hospital and health centers, housing, water pollu- 
tion control facilities, and educational plant 
facilities. I hope that early action will be taken 
to authorize these Federal programs. 

“With respect to public works of strictly local 
importance, State and local governments should 
proceed without Federal assistance except in 
planning. This rule should be subject to review 
when and if the prospect of highly adverse gen- 
eral economic development warrants it... . Our 
long-run objective is to achieve a program of 
direct Federal and Federally assisted public 
works which is planned in advance and syn- 
chronized with business conditions. .. .” 


The key to the present situation as 
it applies to Federal financial aid to 
municipal sewage works projects is in 
the two sentences above that we have 
italicized for emphasis. The final an- 
swer depends upon the action of Con- 
eress on the Federal pollution control 
legislation now under consideration; if 
this legislation fails of enactment, or if 
the loan and grant provisions are de- 
leted before passage, municipal sewage 
works projects will be among those ‘‘of 
strictly local importanee’’ to which the 
President makes reference in the last 
paragraph of the quotation. 
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Proceedings of Member Associations 





CANADIAN INSTITUTE ON SEWAGE AND SANITATION 


Twelfth Annual Convention 


Windsor, Canada, November 5-6, 1945 


The Twelfth Annual Convention of 
the Canadian Institute on Sewage 
and Sanitation was held November 5 
and 6, 1945, at the Prince Edward 
Hotel, Windsor, Ontario. Registration 
reached 300, slightly less than last 
year but a more representative figure. 

The meeting was called to order 
by President R. J. Desmarais at 10:00 
A.M. for the first contribution, which 
was a discussion guided by Nicol Mae- 
Nicol on ‘‘Construction and Mainte- 
nance of Private Drain Connections.”’ 
Other papers presented in this session 
were: ‘‘Sludge Disposal Practices,’’ by 
Clarence W. Hubbell, Consulting En- 
gineer, Detroit, Mich., with discussions 
by R. A. Greene, Chemist of the Jack- 
son, Michigan, sewage treatment plant, 
and L. V. Garrity, Asst. Supt., Dept. 
of Water Supply, Detroit, Mich.; 
‘‘Sewage Pumping Stations,’’ by W. 
S. Lea, Consulting Engineer, Mon- 
treal; ‘‘Certification of Water and 
Sewage Plant Operators,’’ by W. F. 
Shephard, Chief of the Division of 
Sewerage and Sewage Treatment, Mich- 
igan Department of Health; and a dis- 
cussion guided by W. L. McFaul on 
‘*Personnel Problems in Municipal Ad- 
ministration.’’ 

Immediately following the Presi- 
dent’s Reception and Banquet, Dr. A. 
E. Berry presented the Federation’s 
Membership Award, a $100 Series E. 


Victory Bond, to B. F. Lamson, St. 
Catharines, Chairman of the Member- 
ship Promotion Committee, who re- 
ceived the award on behalf of the In- 
stitute, which recorded an increase of 
72 members and boosted its position in 
the Federation from sixth to fourth 
largest Member Association in size. 
The entertainment that followed was 
under the auspices of the Canadian 
Sanitation Equipment Association. 

The Tuesday business session was 
opened with a report by Secretary- 
Treasurer Berry. Officers elected to 
serve during 1945-46 were: 
President: H. 8. Nicklin, Guelph 
Vice-President: Nicol MacNicol, For- 

rest Hill 
Trustees: C. G. R. Armstrong, Wind- 

sor; G. H. Richards, Brantford; 

David Jack, Kingston; T. M. S. 

Kingston, Chatham 
F.S.W.A. Director: Stanley Shupe, 

Kitchener 

At the luncheon an interesting and 
informative address on the construction 
of the Alaska highway was given by 
J. Lance Rumble of General Motors of 
Canada, Limited. 

The meeting was concluded with an 
inspection trip to the Detroit sewage 
treatment plant. 

A. E. Berry, 
Secretary-Treasurer 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 





GEORGIA WATER AND SEWAGE ASSOCIATION 


Fourteenth Annual Meeting 


Atlanta, Ga., December 4, 1945 


The Fourteenth Annual Meeting of 
the Georgia Water and Sewage Associ- 
ation was held at the Georgia School 
of Technology, Atlanta, on December 
4, 1945. The Georgia Department of 
Public Health was a co-sponsor of the 
meeting with the association and the 
college. The program was limited to 
one day only, instead of the 3-day 
short course ordinarily held, because 
of the hotel situation in Atlanta. Total 
registration was 138. 

Col. Blake R. Van Leer, President of 
the Georgia School of Technology, wel- 
comed the association with a brief ad- 
dress in which he urged water and 
sewage works personnel to give addi- 
tional emphasis to public relations ac- 
tivities, toward the end that they may 
assume positions of leadership in their 
communities. He pointed out that such 
leadership in public health functions 
was of utmost importance in Georgia 
because the high incidence of disease 
in the state has been a strong deterrent 
to economie development. In respond- 
ing, association President Grady Wylds 
acknowledged the sponsorship and co- 
operation of the state and school offi- 
cials in advancing the interests of the 
association and pointed to the technical 
advancement and improved relation- 
ship between state and municipal offi- 
cials as evidence of the value of the 
annual meetings. 

In his address ‘‘The Water Works 
and Sewerage We Want—and Will 
Have,’? W. H. Weir, Chief Engineer 
of the Georgia Department of Public 
Health, outlined the individual steps 
essential to the development of water 
and sewage facilities and discussed 
each step in detail. He submitted a 
general check list for the guidance of 
those concerned with immediate and 
future planning. In discussion of Mr. 
Weir’s remarks, H. S. Sanders of the 
Atlanta office of the Federal Works 





Agency described the provisions made 
for loans to municipalities for public 
works planning under the Reconversion 
Act and outlined the details of pro- 
cedure in filing of applications. 

N. 8. Chamberlain of Wallace and 
Tierman Company, Ine., spoke on 
‘‘Chlorination of Water and Sewage,’’ 
discussing in detail the newer concepts 
of chlorine residual and the differenti- 
ation between free available chlorine, 
chloramine residual and false color in 
the orthotolidine reaction. There was 
intense interest in this topic and a long 
and informative discussion followed. 

In the afternoon, the subject ‘‘ Pres- 
ent Trends in the Sewage Works 
Field’’ was presented by W. H. Wisely, 
Executive Secretary-Editor of the Fed- 
eration of Sewage Works Associations. 
Mr. Wisely referred to the influence of 
the war on administrative and techni- 
cal progress in the field and urged that 
the experience gained during the pub- 
lie works boom of the 1930’s be drawn 
upon for guidance in the impending 
period of unprecedented activity in 
stream pollution abatement and con- 
trol. 

The technical session closed with 
open forums on water and sewage 
works operation problems, Messrs. N. 
M. DeJarnette and G. R. Frith of the 
State Department of Health serving as 
leaders of the respective discussions. 

At the annual business meeting, the 
following officers were elected to serve 
for 1945-46: 

President: W. D. Bryant, Griffin 
First Vice-President: Comer Turley, 

Lindale 
Second Vice-President: B. L. Coburn, 

Fitzgerald 
Secretary-Treasurer: Van P. Enloe, 

Atlanta 

VAN P. ENLOE, 
Secretary-Treasurer 
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NORTH CAROLINA SEWAGE WORKS ASSOCIATION 


Twenty-Fifth Annual Meeting 


Charlotte, N. C., November 5-7, 1945 


The 25th Annual Joint Conference 
of the North Carolina Sewage Works 
Association and North Carolina See- 
tion of A. W. W. A. was held at the 
Hotel Charlotte, Charlotte, N. C., on 
November 5-7, 1945. Total registra- 
tion was about 300. 

With Chairman E. M. Johnson pre- 
siding, a diversified technical program 
was offered on November 6 and 7 after 
the conference opened with an informal 
smoker on the evening of November 5. 
Two round table discussion periods 
were provided, during which water 
works and sewage works problems were 
considered in separate groups with R. 
E. Stiemke of Raleigh and H. E. 
Thompson of Chapel Hill leading the 
water works sessions and 8. R. Kin of 
Camp Butner and D. Y. Brannock of 
Rocky Mount presiding over the sewage 
works discussions. A panel discussion 
on ‘‘Immediate Postwar Problems’’ in 
cluded presentations by Secretary H. 
E. Jordan of A. W. W. A. on ‘‘ Disposal 
‘of Surplus War Property’; W. W. 
Brush, Editor of Water Works Engi- 
neering, and L. H. Enslow, Editor of 
Water and Sewage Works, who spoke 
on the postwar situation in general, 
and by W. H. Wisely, Executive Secre- 
tary of F. S. W. A., who discussed 
‘Training of Operation Personnel.’’ 

At the banquet on November 6, 
announcements were made of the 1945 
Kenneth Allen Award of F. 8. W. A. to 
Col. Harold Benedict Gotaas and of the 
George W. Fuller Award of A. W. W. 
A. to James Wiliford Kellogg, Asst. Di- 
rector, North Carolina State Labora- 
tory of Hygiene. The accompanying 
citations were read by W. H. Wisely 
and H. E. Jordan, representing the re- 
spective national. organizations. The 
feature of the banquet program was 
the address and pictorial presentation 
by Prof. H. G. Baity of the University 


of North Carolina in which he de- 
scribed the work of the Institute of 


Inter-American Affairs in developing 


public health and sanitation facilities 
in Brazil. 

Vice-President W. R. LaDue of A 
W. W. A. was the speaker at the lunch- 
eon on November 7, when the national 
officers of A. W. W. A. and F. 8. W. A. 
in attendance at this meeting were 
honored. Mr. LaDue spoke of the cur- 
rent problems facing the water and 
sewage works fields and stressed the 
importance of public relations activity 
in each community. 


Officers elected at the business meet- 
ing on November 6 were: 


Chairman: L. I. Lassiter, Wilmington 

Vice-Chairman: J. A. English, Salis- 
bury 

Secretary-Treasurer: Geo. S. Moore, 
Albermarle 

F.S.W.A. Director: Geo. S. Rawlins, 
Charlotte 


The following papers were included 
in the technical program : 


‘*Cleaning of Cast Iron Water Mains,’’ 
by J. L. Greenlee, Asst. Supt., Char- 
lotte Water Dept. 

‘*Plans for Developing the Division of 
Sanitary Engineering of the North 
Carolina State Board of Health,’’ by 
J. M. Jarrett, Director 

‘*Preliminary Work on Fluorescence of 
Drinking Water as Evidence of Sew- 
age Pollution,’’ by Miss Ruth Me- 
Lean N. (. State Laboratory of Hy- 
giene. 

‘*Preliminary Report on North Caro- 
lina Plan for Fluorine Investigation 
and Control in Water Supplies,’’ by 
L. G. Maddry, Sr., N. C. State Lab- 
oratory of Hygiene 
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‘‘Modern Trends in the Sewage Works 
Field,’’ by W. H. Wisely, Executive 
Secretary, F. S. W. A. 

‘“Advantages of Cement Linings for 
Cast Iron Pipe,’’ by Thos. F. Wolfe, 
Chief Engr., Cast Iron Pipe Research 
Assn. 

‘Chlorination Terminology,’’ by A. E. 
Griffin, Technical Service Div., Wal- 
lace and Tiernan Co., Ine. 

“(Co-operative Health and Sanitation 
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in the Americas,’’ by Col. Harold B. 
Gotaas, President, Inst. of Inter- 
American Affairs 

‘*Stream Pollution Control in North 
Carolina,’’ by Capus Waynick, Mem- 
ber N. C. State Stream Sanitation 
and Conservation Committee 

‘‘Stream Pollution Control in Tennes- 
see,’’ by R. D. Farrell, Director, Div. 
of Sanitary Engineering, Tennessee 
Dept. of Public Health 


NORTH DAKOTA WATER AND SEWAGE WORKS 
CONFERENCE 


Seventeenth Annual Convention 


Fargo, N. D., November 8-9, 1945 


The 17th Annual Convention of the 
North Dakota Water and Sewage 
Works Conference was held November 
8 and 9, 1945, at the Gardner Hotel, 
Fargo, North Dakota, with 125 mem- 
bers and guests attending. President 
Floyd Pinney of Fargo presided. 

Following the opening business ses- 
sion on Thursday morning, Col. George 
Toman, Consulting Engineer, Mandan, 
North Dakota, had his paper ‘‘ Observa- 
tions of England’s Water and Sewage 
Systems’’ read by Mr. K. Piper. 

During the afternoon and the next 
morning, the following papers of in- 
terest to the sewage works field were 
presented : 

Mr. John B. Kleven, Sewage Works 
Superintendent, Grand Forks, North 
Dakota, discussed the design and opera- 
tion of clarifiers. 

‘‘Future Water Developments in 
North Dakota’’ was discussed by Lewis 
’. Orlady, Member of the North Da- 
kota Water Conservation Commission, 
in which he brought out clearly the 
water needs of the State, not only from 
the point of water supply but sewage 
(lisposal as well. 

Major Glen Hopkins, Sanitary Engi- 
neer, U. S. Public Health Service, Kan- 
sas City, Missouri, discussed the U. S. 


Public Health Service Sanitation Fa- 
cilities Survey, which is now being con- 
dueted. 

Professor A. M. Cooley, University 
of North Dakota, Grand Forks, pre- 
sented a paper on ‘‘Phenol Limits in 
Sludge Digestion,’’ covering the re- 
search work done in this field at the 
University. A pilot plant for the pro- 
duction of hydrogen from lignite coal 
discharged phenol concentrations into 
the Grand Forks municipal sewer, caus- 
ing difficulties in operating the diges- 
ters at the sewage treatment plant and 
resulting in the necessity of the above 
research work. 

‘‘Planning Water and Sewage Sys- 
tems’’ was discussed by Mr. L. W. Bur- 
dick, Consulting Engineer, Lium and 
Burdick, Grand Forks, in which he eoy- 
ered in considerable detail the ground 
work necessary for any municipality 
that contemplates water: and sewage 
improvements. 

The noon luncheon on November 9, 
followed by the business session at 
which it was recommended that the 
election of a director to the Federation 
representing the Dakota Section be left 
to the South Dakota Water and Sew- 
age Works Conference. 
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Officers elected by the North Dakota 
Water and Sewage Works Conference 
for 1946 were: President, S. K. Svenke- 
son, Minot; Vice-President, John Klev- 
en, Grand Forks; Secretary-Treasurer, 
J. H. Svore, Bismarck; Directors, Har- 
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ley Quam, Lisbon; R. J. Lockner, 
Cooperstown ; George Toman, Mandan; 
and M. O. Thomas, Minneapolis, Min- 
nesota. 
JEROME H. Svore, 
Secretary-Treasurer 


OKLAHOMA WATER AND SEWERAGE CONFERENCE 


1945 Annual Meeting 


Norman, Oklahoma, November 1-3, 1945 


The annual meeting of the Oklahoma 
Water and Sewerage Conference was 
held November 1, 2 and 3, 1945, at Nor- 
man, Oklahoma, with 40 members and 
guests attending. President Frank S. 
Taylor presided. 

After an address of welcome by Hon. 
Verne Thronton, Mayor of Norman, the 
first day was dedicated to the following 
papers pertaining to the water works 
field: ‘‘The Importance of Survey and 
Testing for New and Established Well 
Water Supplies,’’ by E. W. Reed, En- 
gineer with the U. 8. Geological Survey 
at Norman, in which he indicated that 
extensive study should be made before 
trying to locate productive water wells; 
‘‘Potential Value of Surface Waters of 
Oklahoma for Industrial and Municipal 
Supplies,’’ by Clarence Burch, Diree- 
tor of the Division of Water Resources 
of the Oklahoma Planning and Re- 
sourees Board; ‘‘Laying out the Water 
Distribution System,’’ by M. Elbert 
Mills, Professor of Civil Engineering 
at the University of Oklahoma; ‘‘ Wa- 
ter Supply in the Navy,’’ by Lt. C. M. 
Roberts, N. A. T. T. S., gave an inter- 
esting insight to military water prob- 
lems; and ‘‘Relationship of U. S. Pub- 
lic Health Service with the Municipal 
Water Supplies,’’ by C. H. Atkins, 
U. S. P. H. S. Sanitary Engineer of 
Kansas City. The day’s program 
ended with moving pictures from the 
Oklahoma University Extension Li- 
brary which were shown at a dinner 





held in the Woodruff Room of the 
Union Building. 

The Friday program was opened 
with the paper ‘‘Unaccounted for Wa- 
ter,’’ by C. E. Bretz, Consulting Engi- 
neer with V. V. Long and Company at 
Oklahoma City, followed by ‘‘The 
Transformation of Hydraulic Energy,’’ 
by Edward R. Stapley, Acting Dean of 
the Engineering School at Oklahoma 
A. & M. College at Stillwater. 

The paper ‘‘Fresh Water Algae’’ 
was presented by Glen C. Couch, Pro- 
fessor of Plant Sciences at the Univer- 
sity of Oklahoma, and Dr. M. E. Grif- 
fith, Sanitary Engineer, U. 8. P. H. S.. 
followed by ‘‘Army Sewage Treat- 
ment,’’ by Kenneth Cash, Plant Super- 
visor of the Fort Sill sewage treatment 
plant. The session ended with a de- 
seription of the Norman sewage treat- 
ment plant by Tony Morrow, Plant 
Operator. 

Inspection trips were made to the 
South Base, Norman Naval Air Techni- 
eal Training Station and the water and 
sewage treatment plants of Norman in 
the afternoon of the second day of the 
conference. 

The Saturday morning program in- 
cluded the papers ‘‘ Fundamental Wa- 
ter Chemistry’’ by Dr. O. M. Smith, 
Professor of Chemical Engineering, 
Oklahoma A. & M. College; ‘‘The Im- 
portance of Sanitation in Society,”’ 
by Dr. Gertrude Nielson, Cleveland 
County Health Department; ‘‘Person- 
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nel Supervision Training,’’ by Perry 
Norris, State Supervisor of the Okla- 
homa State Department of Education ; 
and ‘‘Cross Connections,’’ by J. H. 
Highfill, City Chemist of Muskogee, 
with demonstrations by Ralph DeVore, 
Superintendent of the Norman Water 
Department. 

Officers elected to serve during 1946 


Were: 
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President: Cecil Harrison, Enid 
Vice-President : Ralph DeVore, Norman 
Secretary-Treasurer: H. J. Darcey, 
Oklahoma City 
Director: Edward R. Stapley, Still- 
water 
H. J. Darcey, 
Secretary-Treasurer 


SOUTH DAKOTA WATER AND SEWAGE WORKS 
CONFERENCE 


Eleventh Annual Meeting 


Mitchell, South Dakota, December 7, 1945 


The Eleventh Annual Meeting of the 
South Dakota Water and Sewage 
Works Conference was held at the Law- 
ler Hotel in Mitchell, South Dakota, 
on December 6-7, 1945. There was a 
total of 75 members and guests in 
attendance. 

In the absence of President M. J. 
Hoy the meeting was called to order 
by W. F. Cochrane for the address of 
welcome and the technical program. 
The conference was welcomed to Mit- 
chell by Judge Fred D. Shandorf. 

The first contribution on the pro- 
cram was a message from the American 
Waterworks Association by Leonard N. 
Thompson, President. 

Technical papers presented in the 
program were as follows: 


‘‘Recent Developments at the Sioux 
Falls Sewage Treatment Plant,’’ by 
Leland Bradney, Supt. 

“The Rapid City Sewer Extension 
Program,’’ by V. L. Rugg of the of- 
fice of Julian Stavens, Consulting 
Engineer. 

‘‘Notes on the Design and Operation 
of Small Sewage Treatment Plants,”’ 

by Jerome H. Svore, formerly Di- 


rector, Division of Sanitary Engi- 
neering, North Dakota State Dept. 
of Health. 

‘*Surplus Property Utilization,’’ Ma- 
jor Glen J. Hopkins, District 7, U. 8. 
P. H. S., Kansas City, Mo. (pre- 
sented by Capt. C. H. Atkins). 


At the business meeting, the confer- 
ence acted to endorse H.R. 4070 and S. 
1462 as the most desirable type of 
Federal pollution control legislation 
now before Congress. The Secretary 
was directed to so inform all members 
of Congress presently concerned with 
this legislation. 

The following officers were elected to 
serve during the year 1945-46: 


President: John W. Emberg 

Vice-President: Andrew A. Helgeson 

Secretary-Treasurer: Quintin B. Graves 

Directors: Don Wessel, Mobridge; 
Howard Connolly, Wall; C. J. Hol- 
born, Mitchell; Leo Ney, Madison ; 
P. S. Steffenson, Aberdeen; Leland 
Bradney, Sioux Falls 


Federation Director: Quintin B. Graves 


QuINTIN B. GRAVES, 
Secretary-Treasurer 
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Conducted by 
GLADYS SwoPE 


Mellon Institute of Industrial Research, 
Pittsburgh 13, Pennsylvania 





TNT Wastes from Shell-loading Plants— 
Color Reactions and Disposal Proce- 
dures. By C. C. Rucnuort, M. LeBos- 
QUET, JR.. AND WritLIAM G. MECKLER. 
Ind. Eng. Chem., 37, 937-43 (October, 
1945). 


The problem of disposing of the waste 
waters from TNT melting kettles arose at 
several shell-loading plants. The waste is 
neutral, and contains a-TNT up to 100 
p.p.m. and may contain up to 2 p.p.m. 
nitrotoluene sulfonates. Water containing 
5 p.p.m. of TNT will kill fish and is con- 
sidered unfit for human consumption. 

The fact that TNT solutions in drainage 
ditches at shell-loading plants was red, 
while fresh TNT solutions are uncolored 
suggested that the waste was reacting or 
decomposing. This study, which was made 
to assist in the safe and economical disposal 
of the waste, was begun by studying the 
factors which cause the solution to develop 

red color. 

The intensity of the color produced in 
dilute solutions of a-TNT in natural waters 
is dependent on the following factors: con- 
centration of TNT, concentration of normal 
carbonate or alkaline constituents of the 
water which raise the pH, temperature, and 
light conditions. The colored complex 
seems more stable than the a-TNT, and it 
is diffieult to reverse the reaction, once the 
colored complex is formed. All water 
samples containing colored TNT must be 
examined for TNT in both forms. a-TNT> 
solutions in tap waters of low alkalinity or 
polluted waters will remain uncolored for 
100 days and longer in the dark at 20° C. 
1-TNT solutions in distilled water can be 
exposed to sunlight for long periods with 
the formation of only a trace of colored 


complex and without other decomposition. 
With relatively pure or polluted surface 
waters, from 40 to 55 per cent of a-TNT is 
converted to the colored form in 80 days 
at ordinary temperatures in intermittent 
sunlight. The percentage of colored TNT 
formed can be increased to 90 per cent or 
more in one day or less by inereasing the 
alkaline constituents of the water and/or 
the temperature. 

The conversion of a-TNT to the colored 
form is considered the principal reaction 
during prolonged storage of TNT solutions. 
During this reduction, however, there is a 
slow reduction of total TNT which depends 
to a large extent upon carbonate concentra- 
tion or pH and light conditions. In the 
surface and polluted water samples tested, 
65 to 75 per cent of the original TNT re- 
mained in one form or the other after 80 
days in intermittent sunlight. In water 
containing 300 to 1,000 p.p.m. of normal 
carbonate 53 to 55 per cent of the TNT 
remained (largely in the colored form) 
after 36 days in intermittent sunlight. 
This decomposition reaction is considered 
too slow for practical application. 

Concentrations of a-TNT above 1.0 p.p.m. 
have a retarding effect on the biochemical 
oxidation of sewage. There is little bio- 
chemical removal of TNT as the result of 
biochemical oxidation in dilute sewage. 
Colored TNT was equally as inhibitive as 
a-TNT to normal biochemical oxidation of 
organie matter during the carbonaceous 
stage. The study of colored TNT wastes 
indicated that no reduction of the color ean 
be expected by natural biochemical oxida- 
tion in streams. 

Raw domestic sewage at pH values of 
7.2 to 7.8 removed concentrations of a-TNT 


* Tt will be appreciated if Miss Swope is furnished all periodicals, bulletins, special reports, 
ete., which might be suitable for abstracting in THIS JouRNAL. Publications of public health 
departments, stream pollution control agencies, research organizations and educational insti- 


tions are particularly desired. 


339 









up to about 35 p.p.m. from solution in a 
24-hour period. The quantity of TNT re- 
moved seems to depend upon the suspended 
organic matter in the sewage. The rate of 
anaerobic digestion of sewage solids is de- 
creased considerably by the TNT absorbed. 
It was more difficult to remove colored TNT 
from solution during primary treatment of 
sewage than a-TNT. 

Even with concentrations of a-TNT as 
low as 30 p.p.m. in sewage, activated sludge 
treatment requires aeration periods up to 24 
hr. for 90 per cent removal of both TNT 
and B.O.D. Although colored TNT did not 
inhibit the process as much as alpha, it was 
not removed so readily. 

Filtration experiments indicated that a 
black garden soil was best for removing 
TNT. Such soils might be expected to re- 
move a total amount of TNT up to about 
0.1 per cent of their weight. Colored TNT 
is removed more effectively by all soils than 
a-TNT. Alkalinizing the waste slightly 
with soda ash to convert the TNT to the 
colored form is advantageous for soil per- 
colation. As the absorption capacity of 
the soil becomes exhausted, fresh water re- 
moved some of the absorbent TNT. 

Dosing and mixing activated carbon into 
the waste were more effective in removing 
TNT than filtration through carbon. a-TNT 
was removed from solution more readily 
than the colored derivative. A satisfactory 
chemical treatment of TNT from shell-load- 
ing plants would involve holding the TNT 
in the alpha form, followed by treatment 
with activated carbon to remove it from 
solution. In practice the carbon may 
easily be mixed with the waste by a 15-30 
minute contact period in a diffused air 
aeration tank. The carbon-treated waste 
would not have to be filtered but could be 
passed through a plain tank with a 24-hr. 
detention period, or into settling ponds of 
still larger capacity. Settling in this 
manner would remove 97 per cent of the 
carbon from the waste. The small amount 
of carbon lost in this manner would not 
be’ objectionable. The settled carbon 
sludge could be periodically removed from 
the settling basin for disposal on burning 

grounds. This procedure is considered 
practical for the volumes of waste dis- 
charged from shell-loading plants. 


Ricuarp D. Hoax 
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Treatment and Disposal of Waste Waters 
from Paper Mills. By B. A. Souruaarr. 
The Paper Maker and British Paper 
Trade Journal, 109, TS 43-46 (June, 
1945) ; 110, TS 1-3 (July, 1945). 


These two papers, the one in July being 
a continuation of the one in June, are valu- 
able to the industrialist who may not be 
aware of the various methods of sewage 
treatment and of its application to indus 
trial waste treatment. 

Dr. Southgate devotes about one-half of 
his first paper to a résumé of the polluting 
effects of waste waters and to the general 
method of treating industrial waste 
waters. In this latter section, he takes up 
the various methods of sewage treatment 
such as sedimentation, chemical treatment, 
anaerobic digestion, activated sludge, and 
percolating filters, and considers where 
‘ach of these processes may be applied to 
certain types of industrial wastes. 

The chief pollutants of industrial wastes 
are (1) those which are toxie to fish life, 
(2) those which deplete the oxygen in the 
stream to which they are discharged, and 
(3) those which, when discharged into a 
stream, make it impossible to use the 
water of the stream as a source of water 
supply, (4) those which deposit large 
quantities of suspended matter on a bed 
of a stream, (5) those which cause growth 
of “sewage fungus” on a stream, and (6) 
those which cause discoloration and froth- 
ing in a stream. 

“The chief polluting effects from the 
discharge of waste waters from paper mills 
are due to (1) organic matter, (2) sus- 
pended matter, and (3) alkali arising from 
the washing of the digested raw mate- 
IOUS ae” 

The Royal Commission on Sewage Dis- 
posal in 1915 recommended that such waste 
waters should be treated to yield a liquid 
containing not more than 60 p.p.m. of sus- 
pended solids. In some parts of Great 
Britain, a more exacting standard is re- 
quired: suspended matter not to exceed 
30 p.p.m., biochemical oxygen demand 
(B.0.D.) not over 20 p.p.m. 

In an industrial waste problem it is ad- 
visable to make a thorough survey of the 
various processes and of the volume and 
composition of the waste waters to which 
they give rise. Certain of these liquids 
can be treated more advantageously and 
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cheaply when separated from the others. 
The author cites various examples to bring 
out this point. He suggests also the possi- 
bility of re-using some waste waters. All 
possible means of reducing the volume of 
polluting materials should be taken and 
then study the best method of treatment. 

Under the heading, “Methods of Treat- 
ment of Waste Waters from Paper Mills,” 
the sub-headings are: 


Character of Waste Waters 

Re-use and Recovery of Soda from 
Washing Waters 

Re-use of Back Water 

Treatment of Mixed Waste Waters 


“The paper industry is one in which con- 
ditions and methods of operations differ 
considerably from mill to mill, and there 
are corresponding variations in the volume 
character of the waters dis- 
” 


and waste 
charged... . 

During the war, straw and wood were 
substituted for esparto (used generally in 
England). The Water Pollution Research 
Laboratory investigated one mill in 1944 
in which they were allowed to quote fig- 
ures: 


“At this mill, in 1944, the weight of raw 
materials used per day was about 9 tons 
of straw, 7144 tons of wood, 14% tons of 
rags, making a total of about 18 tons. 
Straw and after digestion, were 
washed once with hot water, which was then 
mixed with the spent lye for evaporation. 
Subsequent washings with cold water were 
discharged with the waste waters. None of 
the spent lve or washings from the diges- 
tion of rags with caustic soda was evapo- 


wood, 
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rated. The waste waters could be divided 
into three groups: 


(a) Spent liquors and washings from 
digestion of rags, and cold washings from 
straw and wood. The total volume of these 
liquids was about 18,000 gal. per day. 
The mixed liquor contained nearly one per 
cent of alkali (as Na.CO;), and had an 
average B.O.D. of about 4,600 p.p.m.... 

(b) Waste waters mainly from potchers 
and concentrators... .” Volume about 
100,000 gal. per day, substantially neutral 
and had an average B.O.D. of 250 p.p.m. 

(c) “Waste waters from paper-making 
machines. These liquids were neutral or 
slightly alkaline in reaction and had a 
B.O.D. of from 30-190 p.p.m.; the volume 
was large (about 6,000-19,000 gal. per 
hr.), but this was partly due to a break- 
down, a large proportion of the liquid 
usually being circulated.” 


“The total volume of waste waters at 
the time of the survey was thus about 540,- 
000 gal. per day, equivalent to 30,000 gal. 
per ton of raw materials. This liquid, 
after receiving a certain amount of treat- 
ment by sedimentation, had an average 
B.0.D. of about 230 p.p.m. .. .” 

The spent lye and washings of the di- 
gested material was the most alkaline and 
most difficult to treat. 

The alkaline liquors from the washing 
of digested material should be re-used in 
the mill. 

American literature is cited for the re- 
use of back-water. 

Treatment of mixed waste waters is 
usually by settling in tanks or lagoons. 

“Typical results from mills in Lancashire 
are given in Table I.” 


TABLE I.—Results of Treatment by Sedimentation of Waste Waters 


| 
| 


Total Suspended 


Volatile Dissolved Oxygen Absorbed from 





Solids Solids KMn0Os4 in 3 min. 
Type of Paper ne ee ee ee ene See ae ae eer txt 
Manufactured | | : | 
Crude | After Sedi- | Crude After Sedi- Crude After Sedi- 
Liquid | mentation | Liquid | mentation | Liquid mentation 
White paper......| 1390 | 16 270 | 140 | 48 | 4 
Brown paper.... 370 | + 110 120 24 4 
Brown paper.... 2060 28 660 | 390 | 89 27 
Brown paper... 590 | 68 | 16 | 48: | 40 | 28 
Wallpaper. . . 480 50 280 370 25 | 20 
1090 130 580 | 420 47 | 22 


Wallpaper. . . 
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TABLE II.—Effect of Treatment by Sedimen- 
ttaion of Waste Waters from a Paper Mill 


(results, except pH value, in p.p.m.) 








After 
Crude Sedimen- 
Liquid tation 
Suspended Solids 260-310 100 
Total Volatile Solids 130-180 40 
Biochemical Oxygen De- 135-190 100-130 
mand 
Oxygen Absorbed from 51- 64 47- 56 
KMn0,j in 4 hr. at 
26.7° C. 
7.6—7.7 


pH Value 7.1-8.1 


In Table II are shown results obtained 
by the Water Pollution Research Labora- 
tory from samples collected “from the in- 
let and outlet system of lagoons in which 
waste waters, mainly from paper machines, 
were retained for an average period of 
about 11 hours.” 

The concentration of suspended solids 
was reduced by about two-thirds, but there 
was comparatively little reduction in either 
the biochemical oxygen demand or in the 
value for oxygen absorbed from perman- 
ganate. 

Chemical treatment been used in 
England, the usual coagulant being alu- 


has 


mino-ferric. Other substances have been 
tried such as lime, “plastic-clay,” lignite 
ash, alum, ferric chloride, and _ treated 


starch. One plant used ferrous sulfate, the 
“washings from digested esparto and rags, 
from the preparation of bleach liquor, and 


TABLE III. 
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from pulp after bleaching were mixed and 
were aerated and agitated in three tanks 
in series. . . .” About 30 p.p.m. of ferrous 
sulfate was added between the first and 
second tanks. Sludge was pumped back 
from a later stage in the process to help 
floceulation. Effluent from the tanks was 
settled in sedimentation tanks for 10 hours 
with the waste waters from the paper 
machines. Sludge from this settling tank 
was dewatered on a rotary vacuum filter. 
The final effluent from this settling tank, 
over a year, contained 26-66 p.p.m. sus- 
pended solids and 3-20 p.p.m. B.O.D. 
B.O.D. removal was attributed partly to 
the oxidizing influence of the free chlorine 
in the bleach liquors. 

The results of tests made by the Water 
Pollution Research Laboratory on washings 
from the digestion of rags, wood, and straw, 
and ineluding the washing from the potcher 
and concentrator are shown in Table III. 

Treatment of paper mill wastes by pet 
colating filters has been in use for a long 
time in England. Typical results 
shown in Table IV. 

“The liquid treated was from a mill mak 
ing high-class paper from esparto, rag, and 
wood pulp. All the waste waters, with the 
exception of back-water from the machines, 
which was treated separately, were mixed 
and were passed through settling ponds 
(total capacity, 500,000 gallons) and then 
through two settling tanks (total capacity 
230,000 gallons). The settled liquid (about 


are 


Results of Treatment of Waste Waters from a Paper Mill by Addition of 


Coagulants and Sedimentation 


Amount of Vidume at 


Coagulant — ; Sludge 
p.p.m. per cent) 
None - | 
Ferrous sulfate | 450 | 4 
(FeSO,-7H:0) 900 13 
1800 23 
Ferric sulfate 450 l 
(Fe. (SO,)3 9 H.( )) 900 2, 
1800 38 
Ferric chloride 450 4 
(FeCl;) 900 | 3 
1800 10(18*) 
None — 
Sulfuric acid 1000 2(5*) 
(H2SO,) 





* Figures in brackets indicate additional volume of sludge risen to surface of liquid. 


Purification 
Based on Oxygen 
Absorbed from 


|Oxygen Absorbed 
from Acid 
Permanganate {| 


pH Value of 
Supernatant 


Liquor in 4 hr. | Permanganate 
p.p.m. (per cent) 
>11 470 — 
> 9.6 432 | 8 
8.8 290 | 38 
ma | Se. 7 @ 
9.4 463 1.5 
7.0 438 7 
4.8 118 75 
9.4 490 - 
Ye 468 0.5 
6.0 m= |. 
>11.0 | 448 
44 | 273 | 39 


| 
| 
' 


— cs 


ae. 
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TABLE IV.—Results of Treatment of Settled Mixed Waste Waters from a Paper Mill 
in Percolating Filters* 














. Oxygen Consumed from N/8 5-Day Biochemical 
—— oo KMnQ, at 80° F. in 4 Hr. Oxygen Demand 
aseiil i saa (p.p.m.) (p.p.m.) 
No. 
Settled Crude Liquid After Settled Crude Liquid After Settled Crude Liquid After 
Liquid Filtration Liquid Filtration Liquid Filtration 
1 106 52 126 50 139 24 
2 156 124 135 117 181 119 
3 94 48 129 103 98 84 
4 108 25 113 90 121 76 























TABLE V.—Results of Treatment by Alternating Double Filtration in Small Fibers of Residual 
Washings from Digestion of Straw 


(From Figures Supplied by Messrs. John Dickinson & Co., Ltd.) 














Rate of 
Treatment Final 
Period of (Gal. per day Liquid Effluent Effluent Purification 
Experiment Liquid Treated per cu. yd. of | Supplied to | from First from Effected 
(Days) medium in Filters Filter Second (per cent) 
2 filters Filter 
together) 
38 9.5 vol. waste waters 90 472 339 145 69 
0.5 vol. sewage 
7 9.5 vol. waste waters 
0.5 vol. sewage 75 270 209 124 54 
10.0 vol. water 
140 Ditto 50 263 115 35 87 
27 Ditto 75 318 170 54 83 























276,000 gallons per day) was then dis- 
tributed in flushes on to percolating fil- 
ters, each 51 ft. in diameter and 8 ft. 
deep. The filtering medium was clinker. 
The average rate of flow from the filters 
was about 120 gallons per cubic yard of 
medium per day. The degree of purifica- 
tion effected was not very high and the 
effluent was still comparatively polluting in 
character.” 

Another mill which used percolating fil- 
ters but whose ponded effluent before pas- 
sage to the filters had an alkalinity of over 
2,000 p.p.m. showed substantially no reduc- 
tion in suspended solids or B.O.D. 

Results obtained by treating waste waters 
by alternating double filtration were much 
more gratifying. Analyses and reductions 
obtained are shown in Table V. 

“Tt appears that fully satisfactory meth- 
ods of treatment of waste waters from 
paper mills employing digestion, which 
would be applicable under the different 





conditions met with in the industry, have 
not yet been developed. The most hopeful 
line of attack appears to be first in develop- 
ing methods for recovery of a greater quan- 
tity of soda from the comparatively strong 
liquors in the early stages of washing and 
thus reducing both the strength and alka- 
linity of the mixed waste waters. For the 
liquid necessarily discharged, the most 
promising methods of treatment at present 
available would appear to be sedimenta- 
tion, possibly with use of coagulants, fol- 
lowed by biological filtration, or some sys- 
tem of aeration.” 
GLapDys SWOPE 


Industrial Waste Treatment and Control. 
By Lorine F. OrminG. American Jour- 
nal of Public Health, 35, 722-27 (July, 
1945). 

Experience in Michigan with industrial 
pollution and control measures applied in 
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certain instances may be of value in solving 
problems elsewhere. Michigan’s large’ brine 
resources has led to the manufacture 
of many products. After the extraction of 
the desired products the brine becomes a 
waste product, with chlorine in concentra- 
tions in excess of 200,000 p.p.m. 

The problems created by disposal into 
streams are well known. Limited quanti- 
ties have been injected into underground 
formations where a porous stratum can be 
found. The brine has also been used for 
laying dust on country roads. However, 
the greatest portion still finds its way into 
the streams. The most effective means at 
present for minimizing brine pollution is 
impounding and controlling the discharge 
during high stream flows. 

Plants for the extraction of magnesium 
were constructed during the war at Luding- 
ton and Marysville, Michigan. At Luding- 
ton the waste brine is pumped through 
12 miles of 14 in. pipe to an isolated region 
along the Lake Michigan shore. The ma- 
terial is discharged into the lake 600 ft. 
from shore in 16 ft. of water. Surveys of 
the lake area by means of a conductivity 
cell indicates that the brine did not diffuse, 
though the location of the outlet did pro- 
vide the protection originally contemplated. 
The material has a specifie gravity of 1.18 
and appears to remain on the bottom in its 
original concentration. The brine layer 
has a thickness of one to three feet. 

At Marysville large volumes of hydro- 
chlorie acid wastes are produced by the ex- 
traction of magnesium by electrolysis of 
the magnesium chloride produced at 
Ludington. These are discharged through 
a submerged multiple outlet pipe into the 
St. Clair River. Only a small part of the 
200,000 e¢.f.s. discharge of the stream is 
needed for neutralization of the acid wastes. 
Breaks which have oceurred in the diffuser 
line from time to time caused unequal dis- 
tribution and zones of high acid concentra- 
tion. Good results were obtained when the 
line was in good repair. Protection for 
downstream water supplies was provided at 
all times. 

Phenolic wastes are objectionable because 
of taste and odor effects on the receiving 
water. In 1937 a large chemical plant at 
Midland, Michigan, constructed works for 
treatment of phenolic wastes by clarifica- 
tion and filtration trough blast furnace 
slag. With increased production exten- 





SEWAGE WORKS JOURNAL 





March, 1946 


sions to the works were added two different 
times and by 1943 4,500 pounds of phenol 
were removed daily from an average daily 
flow of 15 m.g.d. 

Synthetic rubber manufacture has given 
rise to additional pollution problems. Ex- 
perimental treatment of thiokol wastes by 
aeration with diffused air and_ recireula- 
tion of sludge has met with some success. 
Cracking of alcohol to styrene produced 
wastes which are odor producing and toxic 
to fish life. The wastes have been studied 
at the Institute for Fisheries Research at 
Ann Arbor. Wastes resulting from the 
polymerization of butadiene and styrene 
to produce Buna S have been found to be 
the source of an odor problem in the water 
supply of Detroit. 

Cyanide wastes are a constant threat to 
animal and aquatie life. Fish life is com- 
pletely snuffed out at concentrations above 
0.5 p.p.m. of CN. Impounding: of wastes 
is an ineffective method of control. Re- 
moval of cyanide from solution as hydro- 
cyanic acid gas by decomposition with sul- 
furie acid has been found a_ successful 
method. A recent process converts cyanide 
to non-toxie cyanate by the reaction with 
sulfur compounds. However, chlorination 
of such wastes reverses the reaction and 
restores toxie properties. 

Chromium removal has _ been 
plished by application of ferrous sulfate, 
neutralization with lime, and removal of 
the precipitated chromium hydroxide. 

Pollution control in the paper industry 
has been largely limited to fiber recovery 
and reuse of waste waters. It has been 
shown that fiber losses can be reduced to 
1 per cent of paper production and waste 
flows to 20,000 gal. per ton of product. As 
a means of waste control the benefits are 
offset by opening up closed systems for dis- 
carge of wastes during mill cleanups and 
changes in grade and color of product. In 


accom- 


some eases satisfactory stream conditions 
-annot be maintained by internal mill im- 
provements alone and treatment of wastes 
by settling with or without chemical pre- 
cipitation becomes necessary. 

A good effluent in the ease of board mill 
wastes has been obtained by flocculation 
with alum followed by sedimentation. 
Flotation methods have been employed at 
mills working with higher grade pulp. 
Further research is desirable on mill efflu- 
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ents containing de-inked and straw pulp 
wastes. 

The paper industry is still faced with a 
serious problem in the treatment and dis- 
posal of sulfate and sulfite pulping process 
liquors. A research program covering all 
waste problems in the pulp and paper in- 
dustry is being formulated by the National 
Council for Stream Improvement under 
sponsorship of the industry. 

Wastes resulting from food dehydration 
have caused injury and odor nuisances in 
some locations. Potato dehydration wastes 
have been troublesome in Michigan. In 
one instance lye peeling and starch washer 
wastes were segregated and treated at the 
municipal treatment works. Fine sereen- 
ing and sedimentation was sufficient for the 
balance of the wastes. Disposal by seep- 
age and evaporation is practicable in some 
climates. 

T. L. Herrick 


Current Developments in Waste Utiliza- 
tion. By Harotp R. Murpocx. Ind. 
Eng. Chem., 37, 97-8 (advertising see- 
tion, September, 1945). 


This paper inaugurates a new department 
in Industrial and Engineering Chemistry. 
One or more phases of waste treatment and 
utilization will be discussed each month. 
The first four contributions are abstracted 
below. 

Industry will always have the problem 
of disposing of its waste materials. New 
processes will produce new wastes as obso- 
leseence overtakes older processes and 
their wastes. Wherever possible it is de- 
sirable to utilize wastes in the plant pro- 
ducing them beeause, in many eases, former 
wastes have become important by-products. 

The rubber industry is cited as one 
which consumes its own wastes. Originally, 
as large piles of used tires accumulated, 
only the rubber tread was processed as re- 
claim and the carcasses were burned. Re- 
search, however, gradually developed meth- 
ods whereby all of the used tire components 
could be reprocessed. 

That industries not employing chemical 
processes can utilize wastes is illustrated 
by a phosphate rock mining company 
which prepares its product by wet-sereen- 
ing. The wash water, containing sand and 
fine phosphate particles, was formerly dis- 
charged to large lagoons to provide clari- 
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fied water for reuse. Recently a mineral 
oil-oleic acid flotation agent was applied to 
the accumulated sediment and it was found 
that it would be economical to recover the 
wasted phosphate fines on flotation tables. 

The utilization of wastes by industries 
other than those producing them has possi- 
bilities which are frequently overlooked. 
This application requires ingenuity, re- 
soureefulness, insatiable curiosity, and a 
broad understanding of the processes used 
by other industries. 

The successful operation of a mill for 
producing kraft wood pulp depends upon 
the efficiency of its chemical recovery proe- 
ess. Salt cake (anhydrous sodium sulfate) 
is the make-up chemical which is reduced 
to sodium sulfide for the pulp cooking 
liquor, and a company which was planning 
a new plant sought a cheap source of this 
substance. Oil refineries use caustic soda 
to remove hydrogen sulfide and organic 
sulfides from crude oil. The residual 
liquor is a dark, tarry solution containing 
an appreciable proportion of sodium sul- 
fide. It has a foul odor and a high B.O.D.: 
where discharged to streams it causes seri- 
ous pollution. It was found that this evil 
waste could be substituted for salt cake in 
the charge to the furnace in which the black 
liquor from the pulp digesters is ineiner- 
ated to recover sodium carbonate and to re- 
duce the sodium sulfate to sodium sulfide 
for preparation of fresh cooking liquor. 
In actual pulp mill operation the refinery 
waste served admirably; this experience 
suggests that similar opportunities exist in 
other industries. 


Ind. Eng. Chem., 37, 105-6 (advertising 
section, October, 1945). 


Disposal is not synonymous with pollu- 
tion—it is improper disposal which causes 
pollution. Where an industry disposes of 
its waste prudently only the management 
of the plant is concerned; but where the 
surroundings are polluted the rights of 
others are affected and management cannot 
escape liability. 

Disposal on land. Dumps serve a va- 
riety of industries for disposal of inert 
solid wastes which do not contain sub- 
stanees which will be leached into streams 
or ground water. Often it is prudent to 
store solid or liquid wastes and await an 
economical use for them. 

Huge piles of calcium hydroxide have 











accumulated from the manufacture of 
acetylene and in many localities this ma- 
terial has found profitable applications. 
Synthetic phenol plants produce enormous 
quantities of waste sodium sulfite and some 
manufacturers have stored this by-product 
in anticipation of an eventual market. 
The vast dumps of niter cake from the 
manufacture of nitrie acid during the first 
World War were finally purchased by the 
kraft industry as a substitute for salt cake. 
In the same period, the process which was 
used to make acetone by fermentation also 
yielded twice as much butyl alcohol for 
which no important use was known. The 
aleohol was stored in tremendous quantity 
and many thought it foolish not to use it 
as a fuel, but when it was found to be a 
excellent solvent for quick-drying lacquers 
the foresight of management was vindi- 
cated. 

Disposal into the air. Organic wastes 
which cannot be dumped without creating a 
nuisance are best burned under boilers or 
in incinerators. Refineries have constructed 
special steam generators to utilize high sul- 
fur hydrocarbon sludges as fuel. 

Ten per cent of the forests become saw- 
dust before they become lumber, and the 
furniture industry wastes 25 per cent of 


TABLE I.—Standards for Waters of Classes 1, 2, and 3 











Stream Conditions Class 1 
Oil scum, floating solids or None 
debris, except from natural | 
sources 
Color, p.p.m. 20 


Turbidity, p.p.m. 20 


5-day B.O.D., p.p.m. 
Monthly average | 1.0 


Maximum value 2: 
D.O.., p.p.m. | 
Monthly average | <7.0 
Minimum value 7.0 
| 


Coliform group, monthly geo- | 
metric av. M.P.N. per ml. 
Swimming 0.5 
Water supply 0 


pH 6.5-8.6 
| 
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its lumber as sawdust. Usually this waste 
is burned in open piles or under boilers 
but technology has developed a_ process 
whereby over 50 gal. of ethyl aleohol ean 
be made per ton of sawdust. Lignin is a 
by-product, however, and without a use 
for this material the postwar economies of 
the process are questionable. 

Spent gases are usually vented directly 
to the atmosphere but objectionable con- 
stituents can be removed by dust collectors, 
electrical precipitators, and suitable gas 
washers. 

Disposal into streams. The increasing 
volume of pollutional matter discharged to 
streams frequently places an_ excessive 
burden upon them; but industry is a vital 
part of our economy and it must be given 
an opportunity to continue. Until satis 
factory processes for waste treatment are 
developed, “it is advisable that an existing 
plant use the stream as the final disposal 
medium for liquid wastes from muncipalit) 
as well as industry.” 

Four classes of streams are delineated: 

Class 1. Suitable for publie water sup 
plies with minimum treatment (disinfec 
tion). 

Class 2. Suitable for recreation and to 
maintain healthy fish life. Normal filter 








| | 
| 
Class 2 | Class 3 
| 
None Moderate, localized 


| Amount of color and | Amount of color and 
| turbidity which can | turbidity which can 
| be removed by stand- | be removed by ad- 
| ard practice | vanced practice 

| 








| 2.0 4.0 

| 4.0 6.0 

| 

6.5 | 5:5 

| 5.0 4.0 

| 

| 

| 10 not approved 
| 50 | 200 

6.5-8.6 | 5.0-9.5 
| 





(Abstractor’s note: The source of this classification is not given.) 
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plant operation will produce a satisfactory 
water supply. 

Class 3. Not desirable for public water 
supply but ean be treated by advanced 
methods. Not considered safe for swim- 
ming; will support acquatie life, but most 
desirable types of fish may be absent. 

Class 4. Unsuitable for industrial or 
publie water supply. Unfit for swimming 
and desirable acquatie life absent. 


Ind. Eng. Chem., 37, 97-8 (advertising 
section, November, 1945). : 


This paper presents a brief discussion 
of Purdy’s investigation, in 1916, of the 
efficiency of the tidal flats of the Potomac 
River in sewage purification and draws an 
analogy between that natural phenomenon 
and man-made processes. 

All of the sewage of Alexandria, Va., 
flowed over the Huntington flat, a tidal 
region with an area of about 1.3 sq. miles. 
Two of the three streams entering the 
upper end were heavily polluted with sew- 
age but the water leaving the area showed 
little evidence of pollution. As the tide 
rose, the sewage flowed over the flat, and, 
as there was no disturbance from wind or 
river currents, clarification was rapid. 
Deposition of organic matter provided food 
for aequatie plants and microscopic or- 
ganisms, and the sunlight stimulated their 
growth, producing the oxygen which 
transformed the sewage into stable, non- 
toxic compounds. Purdy’s work showed 
oxygen values of 103 per cent of satura- 
tion on sunny days, and 75 per cent on 
cloudy days. Values of 128 per cent were 
recorded on particularly favorable days. 
Water leaving the flat on the ebb tide in 
the morning was 83 per cent saturated. 

Here, evidently, was an efficient natural 
waste disposal plant in which all the fac- 
tors necessary for carrying out the growth 
cycle were present. The sewage was the 
fertilizing agent for the vegetation; the 
flat comprised a reaction chamber; the 
sunlight was the energizing force which 
ultimately transformed the decaying or- 
ganie matter; and the tides served as auto- 
matic pumps to move the water in and out 
of the reactor. 

The activated sludge and the trickling 
filter processes simulate the natural phe- 
nomenon. Although these are not utiliza- 
tion processes more attention should be 
given to actual utilization of the organic 
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chemicals which result from the biological 
conversion of sewage. New adsorption 
chemicals and developments in organic 
chemistry in the war should be combed 
carefully with this purpose in mind; the 
field is almost unexplored. 

The ease of a steel plant is cited in which 
the necessity for a larger industrial water 
supply led to the construction of a plant 
for processing 50 m.g.d. of trickling filter 
effluent from a nearby city. Other indus- 
tries are similarly using sewage plant efflu- 
ents, but real opportunity lies in utilization 
of the chemicals in processed sewage. 


Ind. Eng. Chem., 37, 97-8 (advertising sec- 
tion, December, 1945). 


Lagoons frequently serve as a useful 
means for disposal of industrial wastes. A 
depth of five feet is considered to be the 
maximum to take full advantage of sun- 
light. Such lagoons offer the possibility 
of complete treatment at relatively low 
operating costs for wastes containing low 
percentages of soluble substances. Dis- 
posal of certain organic wastes in lagoons 
has been hindered by the nuisance of insect 
pests which propagate in the wastes, but 
new chemicals, such as DDT, for control 
of insects herald a new interest in this type 
of treatment. Sodium nitrate, sodium 
chlorite, and other chemicals have recently 
been found effective for odor control. 

Retention lagoons are the simplest type 
and they are used merely as storage basins 
for untreated wastes which are purged into 
streams during high water  freshets. 
Wastes should always be sereened through 
20-40 mesh screens to remove bulky solids, 
but if the suspended matter is finely divided 
it should be settled out in a tank ahead of 
the lagoon. Purging of lagoons should be 
frowned upon in the interest of riparian 
rights. 

Absorption lagoons are employed where 
the soil is sufficiently porous to permit per- 
colation of the liquors into the earth. The 
sandy soil of the citrus belt in Florida is 
excellent for absorption lagoons, but in 
many other localities such installations 
eventually fail through clogging of the soil 
or the appearance of outcrops of the liquor 
at some distance from the lagoon. Where 
the wastes can be given a _ preliminary 
chemical treatment before discharge to the 
lagoon, operating efficiency is often im- 
proved. 
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Where a high degree of purification is 
required, processing lagoons, which pro- 
vide both chemical and biological treat- 
ment, are often quite satisfactory where 
adequate land is available. 

The most important specifications for 
material to be discharged to a stream are 
that it must not be toxie to plant or animal 
life, and that i’ must be chemically stable 
to the stream environment. Stability has 
been attained in processing lagoons han- 
dling eannery wastes through addition of 
sodium nitrate. This salt provides oxygen 
for aerobic decomposition; it stimulates 
the growth of chlorophyll-containing or- 
ganisms; and it maintains a mild alkalinity 
in the lagoon. The amount of sodium ni- 
trate used is equivalent, in terms of oxygen, 
to 20-25 per cent of the 5-day B.O.D. of 
the waste. 

The Sulphite Pulp Manufacturers’ Com- 
mittee recently reported on the reaeration 
of rivers used for the disposal of waste 
sulfite liquors. Large amounts of air were 
diffused into the river to supply the oxygen 
deficiency; in this case the entire river 
served as a processing lagoon. The use of 
liquid oxygen for this purpose is suggested. 

Sodium chlorite has been used to the ex- 
tent of 28 per cent of the B.O.D. of screened 
pea waste with outstanding results. Eeo- 
nomically the process fails, but with a lower 
cost for this chemical it will find increasing 
use. The use of chemicals in solving diffi- 
cult waste disposal problems is entering a 
new era. Processing lagoons will be found 
useful for this type of treatment. 

Ricuarp D. Hoax 


Treatment of Camp Sewage and Laundry 
Waste Water by Alternating Double 
Filtration. By E. V. Mitts, J. T. Cat- 
VERT AND G. H. Cooper. The Surveyor, 
104, Feb. 9-16, 1945 (79-81, 97-100). 


This article discusses the conversion of a 
single stage trickling filter plant to an alter- 
nate double filtration plant. The change 
was necessitated to deal with an increase 
in the quantity of sewage and laundry 
wastes at a military camp. 

The plant originally consisted of four 
upward-flow sedimentation tanks with 
sludge hoppers, a dosing tank, four filters, 
each 95 ft. in diameter and containing 5 
ft. of clinker 144 to %4 im. in size and 
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equipped with 4-arm revolving distribu- 
tors, two humus tanks, and 1,600 sq. ft. of 
sludge drying beds. Provision was not in- 
cluded for sludge digestion. The flow to 
the original works was about 250,000 gal. 
per day, about one-fourth of which was 
delivered by gravity, the remainder being 
pumped to the plant. 

The plant treated a strong and greasy 
‘amp sewage. 

The filters were loaded at the rate of 
about 45 gal. per cu. yd. per day. Spot 
samples of the effluent on three oceasions 
gave B.O.D. values of 25, 126 and 30 p.p.m. 

After eight months of operation, a por- 
table laundry was installed at the camp. 
From this laundry about 10,000 gal. per 
day of waste water were discharged to the 
sewage works. The permanent base laun- 
dry was expected to discharge 10,000 gal. 
per hour. This increase in the volume of 
liquor to be.treated at the sewage works 
necessitated modifications to the plant. It 
was decided that conversion of the plant 
to alternating double filtration would be 
more economical than increasing the fil- 
tration capacity. 

The alterations consisted of adding a 
fifth upward-flow sedimentation tank of the 
same size and design as the four existing 
tanks and two additional sludge drying 
beds. The feed pipes to the filters were in- 
creased in size. The distributors were re- 
placed by larger distributors with two 
arms. A pumping station, housing three 
centrifugal pumps operating from float 
switches, was constructed to pump settled 
effluent to the two pairs of filters. The 
final sedimentation tanks were not in- 
creased in capacity. 

In starting up the converted plant, it 
was found that the underdrains of the fil- 
ters were inadequate in capacity. They 
flowed full and ponded the filter to a depth 
of about 9 in. 

The converted works were placed in oper- 
ation in February and built up to the full 
efficiency within three months. 

Analyses of the waste water from the 
laundry, as indicated by grab samples, 
showed suspended solids ranging from 540 
to 1,860 p.p.m., B.O.D. ranging from 220 
to 410 p.p.m., and ammonia nitrogen rang- 
ing from 2 to 10 p.p.m. The average volu- 
metric load on the filters during the winter 
months was 71 gal. per day per cu. yd. of 
filtering medium. Results for an eight 
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months period, from October through May, 
are shown below. 

From October through February the fil- 
ters were handicapped by poor ventilation 
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invert being level with the invert of the 
flume. The width of the parabola at water 
level at any rate of flow could be deter- 
mined from the formula X = 3Q/2H, where 
































from the underdrains. The results for @ equals the flow in ¢c.f.s., H equals depth 
| Oct. Nov. | Dec. | Jan. Feb. Mar. Apr. May 
rd 
B:O.D., ppm. | | | 
Primary Filter Influent...... = | 335 315 320 255 | 360 | 310 | 330 
Settled Primary Filter Effluent. . 22 35 34 | 44.5] 20 | 22 29 =| 138 
Settled Secondary Filter Effuent.| 10.5| 6 wi 7 1 8 2 Go) 5 
Suspended Solids, p.p.m. | | | | | 
Primary Filter Influent.........; 83 | 1389 | 161) | 125 | 148 | 146 | 198 | 96 
Primary Filter Effluent.........; 74 | 57 | 104 | 146 73 | =65 128 60 
Secondary Filter #ffluent....... 7 30 | 59 | 70 | 52 | 53 | 27 83 | 100 
Ammonia Nitrogen, p.p.m. | | 
Primary Filter Effluent . 45.5 | 43 41 | 44 37 | 42.5) 47 | 55 
Settled Primary Filter Effluent. 15 | 185] 19 16.5) 17 | 15 12 | 22 
Settled Secondary Filter Effluent.| 2 ae 5 6.5] 4 12.5| 3 
Nitrate and Nitrite, p.p.m. | | 
Settled Primary Filter Effuent...| 3 2.5 | i | toe), “Zoa a Oi), 0 
Settled Secondary Filter Effluent | 17 8.5 | 2.0 | 4.0 | 8.5| 5.5 6.5 | 10.5 














March, April and May indicate the per- 
formance with the improved underdrainage. 


K. V. Hin 


Efficient Detritus Settlement at Compara- 
tively Small Sewage Treatment Works. 
By L. B. Escrirr. The Surveyor, 104, 

38 (October 26, 1945). 


The writer points out that detritus re- 
moval, especially at small plants, has been 
a difficult process for a long time. Mechan- 
isms are not usually ineluded in small in- 
stallations and the tanks suffer from 
neglect. In general, the tanks are de- 
signed of too large capacity. To meet these 
deficiencies the writer discusses in consid- 
erable detail the design of detritus tanks 
utilizing a constant velocity. 

The principle involved in the constant 
velocity detritus channel is that at a ve- 
locity of 3% to 1 f.p.s. grit will settle and 
be washed by the seouring action of the 
To maintain a constant scouring 
velocity, C. B. Townsend, one of the early 
workers on detritus channel design, pro- 
vided that the depth of flow should be con- 
trolled by a simple rectangular standing 
wave flume and then so formed the cross- 
section of the channel that at all depths 
of flow the velocity remained constant. 
This required the cross-section of the chan- 
nel to have the shape of a parabola, the 


635 


sewage. 





of flow in feet above the channel invert 
and X equals the width in feet at the water 
level. 

Having determined the channel dimen- 
sions for maximum flow, the cross-section 
was then checked for daily peak flows. If 
the cross-section were too great and one 
which would permit solids to strand near 
the edges, conditions could be improved by 
forming the invert as two or more para- 
bolic channels of the same depth as before, 
but with a total width equal to that re- 
quired for one channel. 

In the past detritus tanks and channels 
were designed for a capacity of one- 
fiftieth daily dry-weather flow. This basis 
of design frequently resulted in oversized 
tanks. The capacity of the constant ve- 
locity channel, being the product of the 
cross-sectional area and the length, varies 
from site to site; while the cross-sectional 
area depends on the rate of flow, the length 
depends upon such variables as the depth 
of flow, velocity of incoming sewage and 
detritus storage capacity. 

Sewage should be screened before enter- 
ing the detritus channel, the screens being 
proportioned to prevent the settling of grit. 

Some additional length should be pro- 
vided in the detritus channel to compen- 
sate for the turbulence of the incoming 
No accurate information is avail- 
The length 


sewage. 
able on the length required. 
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of channel required to settle the detritus is 
not subject to exact determination. After 
tne turbulence of entry has subsided time 
must be allowed for the smallest particles 
to settle. At Mogden it was assumed that 
the smallest particle to be settled would 
subside at the rate of 1 ft. in 10 see. For 
a velocity of flow of 1 f.p.s., the channels 
should not be shorter than 10 times their 
depth. 

Additional channel length must be pro- 
vided for storage of grit. The bulk of 
settlement occurs toward the inlet end of 
the channel. Continued deposit here tends 
to restrict the cross-sectional area, creating 
scouring velocities which eventually de- 
posit an even depth of silt the whole length 
of the channel and any further settlement 
will be prevented. If the channel is long 
its capacity for storing silt is increased. 

Sumps or eatchpits are not desirable be- 
cause they are contrary to the principle of 
constant velocity flow and there is always 
danger of settling organics at times of 
slack flow. 

For the usual run of grit the writer sug- 
gests a detritus channel whose length is 32 
times its maximum working depth. The 
depth of flow should always be sufficient to 
transport the largest organic solids and the 
channels should be designed to permit effi- 
cient cleaning with shovels or scoops. 

The author cites numerous examples of 
detritus tank designs such as those at West 
Middlesex, Mogden, Wandle Valley and 
Chigwell which utilize parabolic or modi- 
fied parabolic channels. 

K. V. Hit. 


Intermittent Sand Filter Found Useful in 
Rural Sanitation. By Paut M. Hotmes. 


Civil Engineering, 15, 284-85 (June, 
1945). 
The war program necessitated speedy 


construction of sewage treatment facilities 
for the huge industrial plants and for 
shifting population. In Ohio places of 
minor congestion had for many years been 
eared for satisfactorily by primary sedi- 
mentation and secondary treatment, usually 
intermittent sand filtration. It was felt 
that the efficiency of these devices could be 
greatly improved by a better method of 
applying the settled sewage. 

The final design composed rectangular 
tanks with 8 hr. deiention, a dosing cham- 
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ber, and a circular sand filter equipped 
with a rotary distributor as used in trick- 
ling filter installations. Using a five-day 
B.O.D. of 180 p.p.m. the rotary distribu- 
tor type of sand filter was assumed capable 
of operating at a daily load of 200,000 gal. 
per acre, as against 100,000 gal. per acre 
for the old-type filter. 

Filter shells were constructed of wood, 
masonry, or earth embankment. Floors 
were unpaved and sloped to 4-in. tile 
underdrains spaced on 10-ft. centers. <A 
depth of 12 in. of coarse media was placed 
on the floor, and over this 30 in. of sand 
was provided. Originally a sand size of 
0.30 to 0.45 m.m. was specified, but this 
was later revised to 0.35 to 0.50 m.m. 
Where flooding tendencies were encoun- 
tered it was found that the sand size was 
actually 0.18 to 0.22 m.m. Best results 
were obtained with sand having an effective 
size of 0.45 m.m. and a uniformity coeffi- 
cient of about 2.75. 

The following table shows results ob- 
tained at five typical plants. 














| No. | No. | No. a. | He. 
| 1 3] 4] 5 
5-day B.O.D. | | . 
ABDNOG. .6 56454 |425 ree | 326 
Final. .... a 26 | 4| 18 | 2 
oa 
Dissolved a | | | 
Applied. . 10! 0) 0.0 1.9} 0.0} 0.0 


US gt a ae | 7.9) 28) 8.1/6.5) 7.5 





At plants where the applied sewage was 
high in suspended solids more labor was 
required to maintain the high efficiency of 
the filters. Excessive deposits required bi- 
monthly removal. Usually oceasional hand 
raking was required to keep the filters in 
good working condition. 

T. L. Herrick 


The Evaluation of the Toxicity of Indus- 
trial Wastes, Chemicals and Other Sub- 
stances to Fresh-water Fishes. By W. 
Brégy Hart, Peter Doupororr AND 
JOHN GREENBANK. The Atlantic Refin- 
ing Company, Waste Control Laboratory, 
8144 Passyunk Avenue, Philadelphia. 
June 12, 1945. 317 pp.+14. 


At the present time, considerable atten- 
tion is being given to problems relating to 
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stream sanitation and the conservation of 
wild life, particularly fish. In the minds 
of a great many sportsmen and other peo- 
ple, the principal evil of stream pollution 
is its adverse effect upon the aquatic 
fauna; and as an outgrowth of this con- 
cept, a great deal of work has been done 
from time to time in the study of the effect 
of certain constituents of industrial wastes 
and other types of wastes on fish life. An 
examination of the literature on this sub- 
ject indicates that there is considerable 
dissimilarity in results reported by different 
investigators. It is apparent, in many in- 
stances at least, that these dissimilarities 
arise from a lack of uniformity of methods 
and test materials employed by the vari- 
ous investigators. That is to say, there has 
been a failure on the part of some workers 
to recognize the importance of such factors 
as temperature, pH, hardness of test water, 


and other phenomena in their effect on the ‘ 


results of the tests. It is apparent to the 
student of this particular phase of stream 
pollution investigation that it is very de- 
sirable that there be adopted a uniform 
method of testing and that this uniform 
method be carried out under as nearly as 
possible uniform conditions. 

The book “The Evaluation of the Toxi- 
city of Industrial Waste, Chemieals, and 
Other Substances to Fresh Water Fishes” 
is an attempt on the part of its authors to 
introduce such methods. As such, it may 
be regarded as a valuable contribution to 
the literature on the subject. 

The authors of the book recognize that 
their project might be beset with certain 
difficulties caused by various reasons. In 
their foreword, it is stated that “The pro- 
cedures for the evaluation of the toxicity 
of industrial wastes, various chemicals, and 
other substances is not presented without | 
some trepidation. 
standable to all to whose attention it may 
come. We do not consider ourselves to be 
‘last word’ authorities on the subject. In- 
stead, we believe that we have perceived 
an urgent need, and, fortunately, we have 
been in a position to make a start in its 
fulfillment. We are convinced that just as 
any given chemical analysis must be per- 
formed in a certain specified manner and 
under stipulated conditions in order that 
the results may be recognized as valid in 
standard, so also must a bioassay, such as 
the biological evaluation of toxicity.” 
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The essence of the authors’ proposal is 
that there be adopted a standard proced- 
ure. It is stated that “A uniform method 
of expressing toxicity is essential if the 
values reported are to be comparable in 
any sense. That variations of procedure 
also may influence test results greatly has 
been demonstrated by researches of various 
investigators. Many of these variations 
not only interfere with some comparability 
of the test results but also may cause them 
to be unreliable. These variations can be 
restricted profitably without decreasing the 
usefulness of the test results in the solu- 
tion of practical and other problems. Nor 
will compliance with these limitations in- 
volve any great difficulty. In those de- 
tails of procedure, conditions, and equip- 
ment in which variation is without known 
influence upon the results, considerable 
freedom may be permitted.” 

It is proposed that in conducting toxicity 
or tolerance tests that one of two general 
procedures be followed. The first of these 
is the standard evaluation. It would re- 
quire certain standard requirements as to 
test animals, experimental water, physical 
factors, ete. The second procedure is 
called a reference evaluation and is to be 
carried out under more highly standard- 
ized conditions than the standard evalua- 
tion. For example, a reference evaluation 
requires the use of “one of a limited vari- 
ety of fresh-water teleost fishes designated 
as reference test animals at an experimental 
temperature which is not outside a limited 
reference temperature range and with ex- 
perimental water which conforms with cer- 
tain requirements and is designated as ref- 
erence water.” The size of the reference 
test animals also is restricted within a 
specified range. 

It is pointed out that a moderate amount 
of variation in results may be expected in 
using the standard procedure; the use of 
the reference procedure will decrease but 
not entirely eliminate such _ variations. 
Apparently the authors believe that the 
reference technique will eliminate causes 
for variation in results except those in- 
herent in the test animals resulting from 
physiological or other biological factors 
over which, of course, there is no control. 

In most cases the standard evaluation 
would be sufficient to cover the desired 
study. A few reference evaluations made 
in parallel to the standard test would serve 
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to link the latter with similar tests con- 
ducted in the same or other laboratories. 

It is further proposed that the toxicity 
of industrial waste, ete., be based on the 
determination of “median tolerance limit 
for samples of test animals under stand- 
ardized conditions (and) for fixed time 
periods.” This median tolerance limit, 
symbolized as TL,, is “that concentration 
of the substance under investigation at 
which just 50 per cent of the test animals 
used are able to survive for a_ specified 
period of time under the conditions of the 
experiment.” The time periods used in 
the standard testing procedure may be 24 
hrs., 48 hrs., or 96 hrs. The values to be 
determined, therefore, are the 24-hr. TL,,, 
48-hr. TL,,, and 96-hr. TL,,. Of these, the 
24-hr. TL,, is to be regarded as the basic 
index of relative toxicity while the 48-hr. 
TL, and oceasionally the 96-hr. TL,, may 
be determined in addition for the purpose 
of describing the toxicity more accurately 
and for suggested application to certain 
practical problems or when the 24-hr. TL,, 
may be found to be unsatisfactory. 

After this preliminary presentation of 
their objectives, the authors discussed prac- 
tically every aspect of the general problem, 
with suggestions as to procedure, treat- 
ment of material, ete. The more pertinent 
of these aspects follow: 

Kind of test animal. A list of species of 
fish suitable for making standard evalua- 
tions and a second list for making refer- 
ence evaluations are given. Generally 
speaking, those included in the second list 
are less tolerant inherently than those in the 
first list. It should be noted that in the 
extensive appendix, adequate information 
for the identification of all species of fish 
listed is given. The size of the test ani- 
mals in relation to the size of the test eon- 
tainer is discussed. 

Water supply. Workers in _ toxicity 
studies know that the test waters to be 
used may constitute one of the most trouble- 
some problems of any of those associated 
with such studies. The authors have dis- 
cussed in considerable detail the nature and 
desirability of the various types of test 
waters to be used. The characteristics of 
suitable waters are described, and comment 
is made on the various characteristics. 

Dissolved oxygen and carbon dioxide 
tension. Suggestions for maintaining a 
suitable dissolved oxygen level in the test 
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waters are made. Oxygen requirements 
for standard tests and other types of tests 
are described. There is a short discussion 
of the problems relating to carbon dioxide 
tension. 

Temperature. This factor, of course, is 
one of the most easily controlled of all fac- 
tors affecting the results. The temperature 
levels for the standard test requirements 
are described as are those for the reference 
evaluations. There is a section on the ac- 
climatization of test animals prior to their 
use, 

Pertinent properties of the substance to 
be tested. There is a somewhat extensive 
discussion in which it is suggested that the 
substance to be tested be subjected to a 
critical preliminary examination before any 
toxicity tests are made. In this section, it 
is suggested that the nature of the toxic 
action, the volatility of the material to be 
tested, its stability, its oxygen-depleting 
characteristics, its latent toxicity, and other 
characteristics be examined. 

Test solutions. There are extensive di- 
rections given for the collection and stor- 
age of samples to be tested, the expression 
and caleulation of concentrations to be 
tested, the preparation of solutions, the 
methods of compensating for oxygen defi- 
ciency, and other problems. 

Performing toxicity tests. This section 
is devoted to a description of the actual 
mechanies of conducting the tests. 

Evaluation of toxicity. The authors dis- 
cuss in great detail the methods which may 
be employed in interpreting test results. 
Suggestions are given which would insure a 
uniform method of reporting the results. 
Formulae for the calculation of safe bio- 
logical concentrations of any particular 
waste on the basis of test results are given. 

There is an extensive bibliography. 

In conelusion, it is pertinent to quote 
another portion of the book’s foreword: 
“We not only expect criticism and contro- 
versy; we invite it; for it is only in the 
light of critical thought that a project such 
as this can reach its full development. 
What we do not wish is either a blind ac- 
ceptance or a dogmatic rejection of the 
proposed methods. Instead, we hope tor 
a fair examination and trial producing 
comment and suggestions for improvement, 
out of which, we believe, will come the 
means for revision and true standardiza- 


ti he 
‘ia Witurs M. Van Horn 





NT BR Bie orange stl 2 





—7~ 


i 

























es Federation of Sewage Works Associations 


1945 


Annual Directory 


OFFICERS 
PAST PRESIDENTS 
HONORS AND AWARDS 
ANNUAL MEETINGS AND CONVENTIONS 
DIRECTORY OF COMMITTEES 
MEMBERSHIP SUMMARY 
DIRECTORY OF MEMBERS 





FEDERATION OF SEWAGE WORKS ASSOCIATIONS, INC. 
325 Illinois Building, Champaign, Ill. 





1945-46 OFFICERS 
President : John K. Hoskins 
Vice-President: Francis §. Friel 
Treasurer: W. W. DeBerard 
Executive Secretary-Editor: W. H. Wisely 


Advisory Editor: F. W. Mohlman 


PAST PRESIDENTS 


Name Period Served 
PUIEOe SAC MOMIPTONN | sas oda 2 25S 5 OS Ses whee waw 1928-41 
Li TE oS | a ay rere 1941-42 
OOO SC Ch ees 1942-43 
PIE RIN NT i Gis a Sines odo kw Sie Se WS RASS canoes 1943-44 
BUM PEREIIN Ha tases waite sekaUekebobsaenewiew 1944-45 


HONORS AND AWARDS 


Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in 


Article II, Section 4 of the By-Laws. Honorary Members are elected upon recommen- 


dation by a committee comprising the President and four latest Past Presidents, the 
senior Past President as chairman, in accordance with a policy adopted by the Board of 
Control on October 23, 1943. Honorary Members elected to date are as follows: 


A ESC OCEYTAR, OF CTS) | ne Sa 1941 
PAM UNINE MES PMBME ENE oc aie sips sae wisn sis Sisie Sala Sse ois oe ele-wle 1942 
SO SS eee 1942 
SNINDUEE OMNI 90 ota ovo 'irs ap Bibs wap a bei heb Sew eee 1942 
SCREGE MAONUONRDND TRA WIRE «5 5.5 9)5.05cis wa Scie 'oisie oie le S's aos foresee 1943 
SANGIN NA PRUNEIIETIC DRNONES 5. <o-s.a:050 se dovin's «6 0 %ib6 $5.5 5n 9a S's 1943 
OC PES ge | C00 2 rn 1944 
WU MUMET) PAETOE IS gC SN fo wise ee VRS OD AR Sw oaloey 1945 


The Harrison Prescott Eddy Medal 


The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in SEWAGE 
Works Journau.” The award commemorates Harrison Prescott Eddy, a famous engi- 
neer and a pioneer in the art of sewage treatment. 

Past recipients of the award are: 


PTV RIMAGE. s5.ss ows chan aa seace see oneeuees 1943 
Join Raymond Snell? ..... 6.50066 s565- cus oa ee ea 1944 
EEN BONO 9-4 ois o's: 0 cele Se exe Soeee SUSSS RSS ss 1945 


The George Bradley Gascoigne Medal 


The George Bradley Gascoigne Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding contribution to the art of sewage 
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treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and published during any stated year 
in SEwAGE Works JourNAL.” This award is in memory of George Bradley Gascoigne, 
a prominent consultant from 1922 to 1940, who demonstrated an unusual interest in mat- 
ters of sewage works operation. 

Past recipients of this award are: 


MACE TOWNIR Nis MRTG vorisce,atee eae iaialc s fio v4; tiese'e\ewie/alw vole piaie sae 1943 
James tyme ANGHO ML. MUA 6:5 555.006 seis, cer eies 1944 
SANSELAY 0) © AVINO MDC EER RCL cso 3e rose oie cv ler eis soa ove ete aye aw ESN NE OKs 1945 


The Charles Alvin Emerson Medal 


The Charles Alvin Emerson Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed- 
eration of Sewage Works Associations in such terms as the stimulation of membership, im- 
proving standards of operational accomplishments, fostering fundamental research, ete.” 
This award honors Charles Alvin Emerson, who served as President of the Federation 
from 1928 to 1941 and holds the distinction of being its first Honorary Member. 

Past recipients are: 


PLO Wiltain NEOHUMIAM: 666.0) <cac6 so dees be Cars eis ine are 1943 
SN GREDCIETE C10 Ce) 1 e- Sae pe ae eA RN Pe 1944 
Erarold “Warmer StUNeeler 62%... «cake ca los saclocvecewes 1945 


The Kenneth Allen Award 


Kach Member Association of the Federation is privileged once in each three years 
to designate one of its members to receive the Kenneth Allen Award “for outstanding 
service in the sewerage’ and sewage treatment works field, as related particularly to the 
problems and activities of any Member Association.” The award commemorates Ken- 
neth Allen, an eminent engineer who made notable contributions to the creation of the 
Federation and the New York State Sewage Works Association. 

Recipients of this award have been: 


1943 
Name Member Association 
Piseny Orton CO AIVORL (65.0005 scons: so! oc exepernjelsle1- I. S. P. (England) 
WT ts TUMFAOLEIRY 5, oabee 0 5 seele Ses nial anos avnloneveleue-e Michigan 
PORT WOMlUe ELOSRANIS).«)2160coss «ile ors7s'eclere a aroeierese Federal 
BG POV CNC): oteiccesticiavors(isi4io 0) cpe-sieieiaie silelaie oSsversis Pacific Northwest 
Ue Raye Bel oe CJ 0) een py a accra GE Ste Coen ee New Jersey 
RO HODU eee BENDS es ieieieics > eels sores ate foie: sicve alain eler North Carolina 
Alfred Eenwy: WieiteTs! oi.603015-< soni sic hs eles oe Towa 
Wallan TOMO? WASGIYs <6. 150.026.5<:0 oc Seow score Central States 
1944 
Name Member Association 
ANE Pa ward) WOryy® G66 Sicietceie 5's sees eie visi alee re Canadian 
NVR RUC cig cgi e sioie ia oye oa tic wins sl aleleie e/a Georgia 
BA erh ACSIA BIICE: 3, <f510 sie sis e'ercioieid so ereceugree'e s Maryland-Delaware 
PVG COM CE TLOREAB shies oi, oie cisois'o ais oinieie' eslorie New England 
AO epilies) Ac in OLNOLIGE. 5 oe orc: opr. < sca: oi disn eee ave, o5uvs New York 
LE Ed STS US 11 On are nee a eee OI Rocky Mountain 
Toon Benedict Heynolds «6.35. 50c5 os caw besedilo California 


MY AIEOWD, WRG C COWNO Ss c.5.4.ciee sis eos ee a eae ote Dakota 
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1945 

Name Member Association 
SED IPO MOBOS |. 5.456005 0 sos cease des Pennsylvania 
SEES MERMINIEEE o> sche cic 5152s. o'sss/e cin ale vsyers sie eal nies Missouri 
UND SETRNNIERIN rs Soo cg Sg bows x ald wee a en le Arizona 
Frederick Holman Waring ...................- Ohio 
NS Se | Florida 
BITEAY AIMeTRON: WHIEON: 6 4:06:06 5 os os ence a ese Kansas 


Convention Attendance Award 


The Convention Attendance Award is in the form of a trophy which is presented 
annually to the Member Association which is credited with having aggregated the great- 
est number of man-miles in attending each Annual Meeting of the Federation. Perma- 
nent possession of the first trophy was won by the Central States Sewage Works Asso- 
ciation in 1943, that organization having won the award for three consecutive years. 


Central States Sewage Works Association ............2-eceee8. 1941 
Central States Sewage Works Association ............0000e008 1942 
Central States Sewage Works Association ...........00020 eee 1943 
Central States Sewage Works Association ................0e00. 1944 


Membership Prizes 


Prizes for membership activity in its various Member Associations have been awarded 
by the Federation since 1943. The following Member Associations have received these 
prizes: 

Association Year 


Federal Sewage Research Assn. and Central States Sewage Works 


RASMME ta ie a Ginis ce bs pcios se oid oe FOR ls ee ee WO RS AlN Waley is wld S:8 1943 
Missouri Water and Sewerage Conf. and Central States Sewage 

SAE AN ee nia Gail SE aT RS coe Tete SUR res 1944 
Arizona Sewage and Water Works Assn. and Canadian Institute 

PMUSC WHEL ORG OAMINALION «2.5% 6 50'ss60escccnes seess cease 1945 


Quarter Century Operators Club 


The Quarter Century Operators Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who serves as its registrar. The roster: 


Reuben A. Anderson Roy 8. Lanphear 

Harry M. Beaumont John V. Lewis 

George C. Behnke C. D. McGuire 

Julius W. Bugbee Paul Molitor, Sr., ( Dec.) 
Stuart E. Coburn Wm. M. Piatt 

John R. Downes Theodore C. Schaetzle 
Almon L. Fales Glenn Searls 

Wm. C. Hamm John S. Simmerman 
Charles C. Hommon H. W. Streeter 

Frank W. Jones S. L. Tolman 
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ANNUAL MEETINGS AND CONVENTIONS 





Annual 
Meeting 
Number Location Date 
c 1 Chieago, Illinois * October 16, 1928 
4 2 New York, New York * January 18, 1929 
S| 3 New York, New York * January 14, 1930 
; a New York, New York * January 22, 1931 
5 New York, New York * January 22, 1932 
6 New York, New York * January 19, 1933 
7 New York, New York * January 18, 1934 
8 New York, New York * January 18, 1935 
4 9 New York, New York * January 16, 1936 
a 10 New York, New York * January 22, 1937 
a 11 New York, New York * January 21, 1938 
% 12 New York, New York January 20, 1939 
13 New York, New York * January 18, 1940 
Chicago, Illinois t October 3-5, 1940 
14 New York, New York * January 15, 1941 
New York, New York t October 9-11, 1941 
15 Cleveland, Ohio ¢ October 22-24, 1942 
16 Chicago, Illinois ¢ October 21-23, 1943 
17 Pittsburgh, Pa. ¢ October 12-14, 1944 
18 Chicago, Il.* October 17-18, 1945 
DIRECTORY OF COMMITTEES 
1945-46 
Constitutional Committees 
: (See Article VI of By-Laws) 
EXECUTIVE COMMITTEE OF THE BOARD OF CONTROL 
J. K. Hoskins, Chairman 
F. W. Lovett Clyde C. Kennedy 
F. S. Friel Charles A. Emerson 
GENERAL PoLicy COMMITTEE 





The General Policy Committee studies and recommends to the Board of Control 
upon all matters of policy affecting the well-being and usefulness of the Federation and 
its Member Associations; matters of public relations; the advancement of and the pro- 
fessional and social status of members, and such other matters of similar nature as may 
be referred to it by the Board. 





A. E. Berry, Chairman 


i A. H. Niles R. E. Fuhrman 
4 J. H. Brooks M. LeBosquet 
v A. S. Bedell D. E. Bloodgood 


* Annual business meeting of Board of Control. 
t Convention of membership-at-large. 
¢ Annual business meeting of Board of Control and convention of membership-at-large. 
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PUBLICATIONS COMMITTEE 


The Publications Committee arranges the technical programs for the annual conven- 
tions of the Federation and has general supervision of all publications of the Federation. 


F. W. Gilcreas, Chairman 


Rolf Eliassen F. W. Mohlman 
Carl M. Green F. M. Veatch 
C. C. Larson W. H. Wisely 


ORGANIZATION COMMITTEE 


The Organization Committee examines and reports to the Board on applications for 
membership in the Federation and endeavors to encourage the formation of new regional 
associations or conferences eligible for membership. 


Earnest Boyce, Chairman 
C. R. Compton R. H. Suttie 
SewaAGeE WorkKS Practice COMMITTEE 


The Sewage Works Practice Committee reviews and directs for publication any reso 
lution, report or publication which establishes professional or technical standards in the 
name of the Federation. 


Morris M. Cohn, Chairman 


D. E. Bloodgood C. E. Keefer 

J. H. Brooks, Jr. L. W. Van Kleeck 
R. F. Brown F. W. Mohlman 
J. R. Downes A. H. Niles 

G. P. Edwards Langdon Pearse 
F. W. Gilereas W. H. Wisely 

H. F. Gray J. J. Wirts 

K. V. Hill Willem Rudolfs 


Sub-Committee on Use of Sludge for Fertilizer 
This sub-committee of the Sewage Works Practice Committee has the duty of com 
piling a Manual of Practice on “The Use of Sewage Sludge for Fertilizing Purposes.” 
The manual is in a late stage of preparation and should be published in 1946. 
A. H. Niles, Chairman 

F. W. Gilcreas T. C. Schaetzle 

Langdon Pearse L. W. Van Kleeck 

W. Rudolfs 


Sub-Committee on Occupational Hazards 


This sub-committee of the Sewage Works Practice Committee has been assigned to 
compile a Manual of Practice on “Occupational Hazards in the Operation of Sewage 
Works.” The manual has been completed and was distributed to the membership in 
December, 1944. 


L. W. Van Kleeck, Chairman 
S. H. Ash Fred R. Ingram 


Reuben F. Brown L. L. Langford 
Joseph Doman L. E. West 
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Sub-Committee on Air Diffusion 





This sub-committee of the Sewage Works Practice Committee has been charged with 
the duty of producing a Manual of Practice on “Air Diffusion in Sewage Treatment.” 


The manual is in an early stage of preparation. 


W. A. Allen 
A. J. Beck 

A. A. Birger 
H. A. Faber 


Sub-Committee on Sewer Maintenance 


John J. Wirts, Chairman 


C. T. Mickle 
P. E. Morgan 
F. C. Roe 


This sub-committee of the Sewage Works Practice Committee has been directed to 


develop a Manual of Practice on “Maintenance of Sewers and Appurtenant Structures. 
The manual is in an early stage of preparation. 


Thos. B. Garry 


W. H. Brown, Jr. 


G. E. Fink 
Grant Olewiler 
R. L. Patterson 
Henry Fitch 


R. F. Brown, Chairman 


” 


B. H. Grout 

Roy E. Phillips 
Richard Pomeroy 
Robert P. Shea 
John H. Brooks, Jr. 
Forest Weber 
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Sub-Committee on Chlorination of Sewage 


This sub-committee of the Sewage Works Practice Committee has been assigned the 
development of a Manual of Practice on “The Use of Chlorine in Sewage Treatment.” 


N. S. Chamber] 
A. E. Griffin 


F. W. Gilcreas, Chairman 
? 


ain 


Sub-Committee on Standardization of Units 


H. A. Faber 


This sub-committee of the Sewage Works Practice Committee has been assigned to 
t=] 
develop an approved schedule of units to be used in the reporting of plant operation and 


laboratory data. A committee of about forty members is at work. 


Sub-Committee on Trickling 


Willem Rudolfs, Chairman 


Filters 


This sub-committee of the Sewage Works Practice Committee is engaged in the de- 
velopment of a Manual of Practice to be entitled “Trickling Filters—Their Characteristics 


and Loadings.” 


B. F. Hatch 
W. S. Mahlie 





Kenneth V. Hill, Chairman 


Wm. E. Stanley 
P. W. Riedesel 
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Sub-Committee on Sewer Ordinances 


This sub-committee of the Sewage Works Practice Committee has been assigned the 
preparation of a Manual of Practice concerning the regulation and control of the usage 
of public sewers. The sub-committee is now in the process of organization. 


D. E. Bloodgood, Chairman 


RESEARCH COMMITTEE 


The Research Committee has the function of stimulating research work among the 
various Member Associations, and of co-operating with other organizations in the pro 
motion of research. 


Willem Rudolfs, Chairman 


H. E. Babbitt A. L. Genter 

D. E. Bloodgood H. J. Miles 

i. P. Edwards F. W. Mohlman 
H. A. Faber C. C. Ruchhoft 
A. J. Fischer L. R. Setter 

H. Heukelekian L. W. Van Kleeeck 


Special Committees 
COMMITTEE ON AWARDS 


The Committee on Awards was created by the Board of Control on October 11, 1941. 
Functions of the committee are to advise the Board on matters of award procedures and 
to make recommendations as to the annual winners of the Eddy, Gascoigne and Emerson 
Awards. 


L. F. Warrick, Chairman 
E. S. Chase H. W. Streeter 
G. M. Ridenour 


HoNoRARY MEMBERSHIP COMMITTEE 
Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 
Member and makes recommendations to the Board on such nominations.* 


A. S. Bedell, Chairman 
G. J. Schroepfer A. 
A. M. Rawn J. 


E. Berry 
K. Hoskins 


FINANCE ApyisorY COMMITTEE 


The Finance Advisory Committee was created by the Board of Control on October 
11, 1941, and has the duty of advising the Board and officers of the Federation in finan- 
cial matters. 


W. J. Orchard, Chairman 
A. E. Berry J. K. Hoskins 


* See This Journal, 16, 1, 196 (January, 1944). 
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OPERATION REpPorRTS COMMITTEE 


The Operation Reports Committee was created by the Board of Control on October 
11, 1941, to provide for Federation recognition of outstanding operation reports. The 
committee is now engaged in developing the mechanics of an annual award for such out- 
standing reports. 


H. E. Babbitt, Chairman 
Wm. A. Allen W. F. Shepherd 


OPERATOR’S QUALIFICATIONS COMMITTEE 


Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica- 
tions Committee is assigned to “establish minimal qualifications for operators of various 
classes of treatment works.” The committee also has the duty of collecting and compiling 
data on present procedures in the licensing and certification of operators, for reference 
to Member Associations. 


L. W. Van Kleeck, Chairman 
Wm. A. Allen E. P. Molitor 


INDUSTRIAL WASTES COMMITTEE 


The Industrial Wastes Committee was created by the Board of Control on October 
23, 1943, for the purpose of developing interest in this important field and to direct 
a program whereby the Federation may be of service in industrial waste problems. 


F. W. Mohlman, Chairman 
D. E. Bloodgood L. F. Oeming 
H. W. Gehm 


Joint Committees With Other Associations 
COMMITTEE ON STANDARD METHODS OF SEWAGE ANALYSIS 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Sewage Analysis has functioned with committees of the American Water 
Works Association and American Public Health Association in the production of the 
Kighth Edition of the volume Standard Methods of Water and Sewage Analysis. The 
section on sewage analysis for the Ninth Edition was completed by the committee in 1943. 


W. D. Hatfield, Chairman 


+. E. Symons G. P. Edwards 
S. E. Coburn E. W. Moore 

D. E. Bloodgood M. Starr Nichols 
A. J. Fischer Richard Pomeroy 
F. W. Gilereas C. C. Ruchhoft 
R. D. Hoak Willem Rudolfs 
E. F. Hurwitz T. C. Schaetzle 
Keeno Fraschino H. W. Gehm 

W. S. Mahlie R. F. Weston 


H. Heukelekian 
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COMMITTEE ON SEWAGE WorKS NOMENCLATURE 


The Committee on Sewage Works Nomenclature was created by the Board of Con- 
trol on January 22, 1937, to function with similar committees of the American Society of 
Civil Engineers and American Public Health Association. This Joint Committee on 
Definition of Terms Used in Sewerage and Sewage Disposal Practice is now engaged in 
the compilation of a “Glossary of Water and Sewage Control Engineering,” in conjunc- 
tion with the Joint Committee on Definition of Terms Used in Water Works Practice, 
which comprises the American Society of Civil Engineers, American Public Health Asso 
ciation and American Water Works Association. 


C. J. Velz, Chairman 


C. E. Keefer C. A. Emerson 


COMMITTEE ON WATER AND SEWAGE WorRKS DEVELOPMENT 


The Committee on Water and Sewage Works Development was organized in 1943 
to promote the planning of water and sewage works and to encourage the inclusion of 
such projects in postwar planning programs. The committee comprises representatives 
of the Water and Sewage Works Manufacturers Association, American Water Works 
Association, New England Water Works Association and the Federation of Sewage Works 
Associations. Federation representatives are: 


C. A. Emerson G. J. Schroepfer 


Special Convention Committees 
CONVENTION MANAGEMENT COMMITTEE 


The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation. 
A. E. Berry, Chairman 
Stanley Shupe W. J. Orchard 
W. H. Wisely A. T. Clark 


MEETING PLACE COMMITTEE 
This committee reviews invitations received for the Annual Meetings of the Fed- 
eration and makes recommendations to the Board of Control in regard to the time and 


place of such meetings. 


J. K. Hoskins, Chairman 


F. S. Friel W. C. Sherwood 
A. KE. Berry F. W. Lovett 
W. H. Wisely A. T. Clark 


PUBLICITY AND ATTENDANCE COMMITTEE 


The function of this committee is to prepare publicity releases in connection with the 
Annual Meetings of the Federation and to direct the distribution of such material. 


L. H. Enslow, Chairman 
K. J. Cleary A. Preseott Folwell 
M. M. Cohn J. P. Russell 
W. S. Foster J. A. Daly 
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SUMMARY OF MEMBERSHIP 
(As at December 31, 1945) 


Federation Members 


PPGNGLATY OIND OTS: oi istsi6.s 5.010 (soos 5:00. « wibieciele nines © sheiersisls 8 
UNSSC. [iegnis | 5! 1 0 ene ee Se PRR eee 76 
NUGRaIIeT. ARIUS: © chor. s ox bs b-sie.o ela ois wes Sars sie dies 27 
GNebege REIN Yle 3 Nosh sissies a ssa vs de ote Ses eiaie OO 
Alternate Aciive Members ..0. 00s oe cece cee. 31 
CGT POPATE MGINOGIS® 15.5 0 :510.5/5:0i0epore e's tiers orelene's «010s 20 


Net Membership of Member Associations* 











Alternate 














Member Associations Honorary | Active | Mataves | Corporate | Total 
om a eae ok : | ake e eee een 

Arizona...... ce na 24 - | - | 24 
CRA GRIRENN ioe sco caes Separatist 230 | | | 230 
CONC ci rr ] 292 | 8 } 301 
Central States.............] 2 566 | | 13 | 581 
OD ORY, > Sin hehs aie sao Laws - | 46 | - | 46 
Federal.......... palcaee — 98 _ | ~ | 98 
Florida . } — 70 | | 70 
Ger orgia . ‘ ee eee 65 | = | os 65 
LS.E. (England) ...... | . | 34 | 34 
LS.P. (England) - 106 | -- _- 106 
lowa. “ | a od 43 4 43 
PPI ess aly Party s auenecs — 28 - - 28 
Maryland- Del. at etretaee | = | 30 - 30 
Michigan . Pets | : 114 16 - 130 
Missouri. . . . . | 41 | : 41 
Montana..... ROR hee | 29 2 31 
New England. . cee at 1 | 172 - - 173 
New Jersey..... Fate | 1 86 - 87 
New York... ae A 1 499 7 1 508 
North Carolina nh IOW, - | ol - - | 51 
Ohio....... eee : | 107 1 108 
Oklahoma...... : i 10 — 10 
Pacific Northwe st. .| _ 104 | - -- 104 
Pennsylvania...... e 2 214 | | 3 219 
Rocky Mountain... .. | - | 64 | | 64 
San. Eng. Div. ( ie ntin: na). | 6 | | ; 6 
NE hitanpAcr ore nial - | 85 | — | 85 
, a aa 3214 | 31 | 20 3,273 








* Not including Dual Members. 














Directory of Members 
December 31, 1945 


MEMBER ASSOCIATIONS 


Arizona Sewage and Water Works Association (Affiliated 1928). 
Territory: State of Arizona. 
President: E. S. Borquist; First Vice-President: Harold Yost; Second Vice-Presi- 
dent: A. W. Miller; Director: G. W. Marx; Secretary-Treasurer: G. W. Marx, Di- 
vision of Sanitary Engineering, Arizona State Department of Health, Phoenix, Ariz. 


California Sewage Works Association (Affiliated 1928). 
Territory: State of California. 
President: Keeno Fraschina; First Vice-President: G. A. Parkes; Second Vice- 
President: Harold L. May; Director: Clyde C. Kennedy; Secretary-Treasurer: Har- 
old H. Jeffrey, 112 City Hall, Sacramento, California. 


Canadian Institute on Sewage and Sanitation (Affiliated 1933). 
Territory: Dominion of Canada. 
President: H. 8. Nicklin; Vice-President: Nicol MacNicol; Director: Stanley Shupe; 
Secretary-Treasurer: A. E. Berry, Ontario Department of Health, Parliament Build- 
ings, Toronto 8, Ontario, Canada. 


Central States Sewage Works Association (Affiliated 1928). 
Territory : States of Illinois, Indiana, Wisconsin and Minnesota. 
President: W. D. Hatfield; First Vice-President: Capt. E. J. Beatty; Second Vice- 
President: P. W. Riedesel; Third Vice-President: Carl B. Carpenter; Director: C. 
C. Larson; Secretary-Treasurer: J. C. Mackin, Nine Springs Sewage Treatment 
Plant, Route 4, Madison 5, Wisconsin. 


Dakota Water and Sewage Works Conference (Affiliated 1936). 
North Dakota Section. 
Territory: State of North Dakota. 
President: S. K. Svenkeson; Vice-President: John Kleven; Director: Quintin B. 
Graves; Secretary-Treasurer: Jerome H. Svore, Division of Sanitary Engineering, 
State Department of Health, Bismarck, North Dakota. 
South Dakota Section. 

Territory: State of South Dakota. 
President: John W. Emberg; Vice-President: Andrew A. Helgeson; Director: Quin- 
tin B. Graves; Secretary-Treasurer: Quintin B. Graves, Director, Division of Sani- 
tary Engineering, State Board of Health, Pierre, South Dakota. 

Federal Sewage Research Association (Affiliated 1930). 
Territory: Federal employees wherever stationed. 
President: J. H. LeVan; Vice-President: R. 8. Smith; Director: M. LeBosquet, Jr.; 
Secretary-Treasurer: V. G. MacKenzie, U. S. Public Health Service, 2000 Massachu- 
setts Ave. N.W., Washington 14, D. C. 

Florida Sewage Works Association (Affiliated 1941). 
Territory: State of Florida. 
President: J. B. Miller; Vice-President: B. F. Borden; Director: David B. Lee; 
Secretary-Treasurer: J. R. Hoy, 402 Hildebrandt Bldg., Jacksonville, Fla. 
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Georgia Water and Sewage Association (Affiliated 1936). 
Territory: State of Georgia. 
President: W. D. Bryant; First Vice-President: Comer Turley; Second-Vice-Presi- 
dent: B. L. Coburn; Director: H. A. Wyckoff; Secretary-Treasurer: Van P. Enloe, 
R. F. D. No. 5, Box 363, Atlanta, Georgia. 


Iowa Sewage Works Association (Affiliated 1928). 
Territory: State of Iowa. 
President: Paul Winfrey; Vice-President: Charles Alexander; Director: John W. 
Pray; Secretary-Treasurer: Prof. L. O. Stewart, c/o Iowa State College, Ames, Iowa. 


Institute of Sewage Purification (Affiliated 1932). 
Territory: British Empire. 
President: John Hurley; Director: John H. Garner; Secretary: W. F. Freeborn, 34 
Cardinal’s Walk, Hampton-on-Thames, Middlesex, England. 


Institution of Sanitary Engineers (Affiliated 1932). 
Territory: British Empire. 
President: Guy Howard Humphreys; Director: Guy Howard Humphreys; Secretary: 
Mrs. E. M. Kerry, 118 Victoria St., Westminster, S.W. 1, London, England. 


Kansas Water and Sewage Works Association (Affiliated 1935). 
Territory: State of Kansas. 
President: R. H. Hess; First Vice-President: Herman Weigand; Second Vice-Presi- 
dent: F. D. Elliott; Third Vice-President: H. H. Huffman; Fourth Vice-President: 
Rex Reynolds; Director: Paul D. Haney; Secretary-Treasurer: Paul D. Haney, ¢/o 
State Board of Health, Room 2, Marvin Hall, University of Kansas, Lawrence, 
Kansas. 

Maryland-Delaware Water and Sewage Association (Affiliated 1928). 
Territory : States of Maryland and Delaware. 
President: J. W. Alden; First Vice-President: Clarke Gardner; Second Vice-Presi- 
dent: J. W. Engle; Director: Ralph E. Fuhrman; Secretary-Treasurer: Miss KE. V. 
Gipe, State Department of Health, 2411 N. Charles Street, Baltimore, Md. 


Michigan Sewage Works Association (Affiliated 1930). 
Territory: State of Michigan. 
President: Paul Stegeman; Vice-President: B. A. DeHooghe; Director: W. F. Shep- 
hard; Secretary-Treasurer: R. J. Smith, 545 Elizabeth St., East Lansing, Mich. 


Missouri Water and Sewerage Conference (Affiliated 1929). 
Territory: State of Missouri. 
Chairman: Roseoe R. Howard; Vice-Chairman: V. P. Opie; Director: George S. 
Russell; Secretary-Treasurer: Warren A. Kramer, ¢/o State Office Bldg., Jefferson 
City, Missouri. 

Montana Sewage Works Association (Affiliated 1944). 
Territory: State of Montana. 
Chairman: J. M. Schmit; Vice-Chairman: W. M. Cobleigh; Director: H. B. Foote; 
Secretary-Treasurer: H. B. Foote, Division of Sanitary Engineering, State Board 
of Health, Helena, Montana. 


New England Sewage Works Association (Affiliated 1929). 
Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut 
and Rhode Island. 
President: George H. Craemer; First Vice-President: Thomas R. Camp; Second 
Vice-President: LeRoy W. Van Kleeck; Director: LeRoy W. Van Kleeck; Secretary- 
Treasurer: Walter E. Merrill, State Dept. of Public Health, 511A State House, Bos- 
ton, Massachusetts. 
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New Jersey Sewage Works Association (Affiliated 1942). 
Territory: State of New Jersey. 
President: John Simmerman; First Vice-Presirent: L. J. Fontenelli; Second Vice- 
President: Edward P. Decher; Director: P. N. Daniels; Secretary-Treasurer: S. A. 
Kowalehik, 427 Maple Ave., Trenton 8, N. J. 


New York State Sewage Works Association (Affiliated 1930). 
Territory: State of New York. 
President: Uhl T. Mann; Vice-President: Alexander G. Martin; Director: EK. J. 
Smith; Secretary-Treasurer: A. S. Bedell, State Department of Health, Albany, 
N. Y.; Assistant Secretary: A. W. Eustance; Assistant Treasurer: J. C. Brigham. 


North Carolina Sewage Works Association (Affiliated 1929). 
Territory: State of North Carolina. 
Chairman: L. I. Lassiter; Vice-Chairman: J. A. English; Director: W. M. Franklin; 
Secretary-Treasurer: Geo. 8. Moore, P. O. Box 2251, Durham, North Carolina. 


Ohio Sewage Works Conference (Affiliated 1932). 
Territory: State of Ohio. 
Chairman: D. D. Heffelfinger; Vice-Chairman: L. C. Hoffman; Director: A. H. Niles; 
Secretary-Treasurer: L. B. Barnes, 441 S. Prospect St., Bowling Green, Ohio. 


Oklahoma Water and Sewage Conference (Affiliated 1929). 
Territory: State of Oklahoma. 
President: Cecil Harrison; Vice-President: Ralph DeVore; Director: E. R. Stapley; 
Secretary-Treasurer: H. J. Darcey, State Department of Health, Oklahoma City, 
Oklahoma. 


Pacific Northwest Sewage Works Association (Affiliated 1933). 
Territory: States of Washington, Oregon and Idaho. 
President: C. V. Signor; First Vice-President: C. M. Howard; Second Vice-Presi- 
dent: H. C. Clare; Director: M. S. Campbell; Secretary-Treasurer: Wm. P. Hughes, 
City Engineer, Lewiston, Idaho. 


Pennsylvania Sewage Works Association (Affiliated 1928). 
Territory: State of Pennsylvania. 
President: L. D. Matter; First Vice-President: Wm. J. Murdoch; Second Vice-Presi- 
dent: N. G. Young; Director: F. 8. Friel; Secretary-Treasurer: Bernard S. Bush, 
District Engineer, Pennsylvania Department of Health, Kirby Health Center, 
Wilkes-Barre, Pa. 

Rocky Mountain Sewage Works Association (Affiliated 1936) 
Territory: States of Wyoming, Colorado and New Mexico. 
President: John T. Franks; Vice-President: N. P. Nielsen; Director: W. V. Leon- 
ard; Secretary-Treasurer: Carroll H. Coberly, 1441 Welton St., Room 329, Denver 2, 
Colorado. 


Sanitary Engineering Division, Argentina Society of Engineers (Affiliated 1936). 
Territory: Republic of Argentina. 
President: Emelio E. Sisto; Director: E. B. Besselievre; Secretary: Julio Caviechia, 
Centro Argentino De Ingenieros, Buenos Aires, Republica Argentina, South America. 
Texas Sewage Works Section (Affiliated 1928). 
Territory: State of Texas. 
Chairman: Major R. M. Dixon; Vice-Chairman: L. C. Billings; Director: W. S. Mah- 
lie; Secretary-Treasurer: V. M. Ehlers, State Department of Health, Austin 2, Texas; 
Asst. Secretary-Treasurer: Mrs. E. H. Goodwin. 
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nee, Arthur S. (1942), Div. of Sani- 
tation, State Dept. of Health, Al- 
ban ¢ ae Ee 
ius 1942), Supt., Sew. 
Baybee, ea 3. ot York” Ave., 
Providence, R. I. 
Emerson, Charles A. (1941), Havens 


Aluminum Co. of one 2100 Gulf 
Building, Pittsburgh, Pa., Rep. C. 
} M:z igill. 

American Brass 
Conn. 

American Cast Iron Pipe Co., 


Co., Waterbury, 





ham, Ala., Rep. E. L. Gilder. 
Ameri can City Magazine, 470 Fourth 
Avenue, New York, Y., Rep. 


Edgar J. Buttenheim, Pres. & Mgr. 

American Concrete Pipe Assn., 228 N. 
LaSalle St., Suite 1033, Chicago 1, 
Ill _Rep. Howard F. Péckworth, 
Managing Dir. 

Ame rican Well Works, Aurora, III., 
Rep. J. D. Walker, Sanitary Div. 
Ampco Metal, Inc., 1745 South 38th 
as Milwaukee 4, Wis., Rep. R. J. 

Thompson, Sales Mgr. 

Armco Drainage Products Assn., Mid- 
diletown, Ohio, Rep. W. H. Spindler, 
Publicity Mgr. 

Automatic Control Co., 1005 Uni- 

rsity Ave., St. Paul 4, Minn., Rep. 
J. S. Williams. 
Builders-Providence, 


Inc., Div. of 


Builders Iron Foundry, P. O. Box 
1342, Providence, R. I., Rep. C. G. 
Richardson. 

Cambridge Instrument Co., 3732 
Gri ind Central Terminal, New 
York, N. Y., Rep. F. G. Paully. 


192 Atlantic St., 


Carter, Ralph B. ee 
J. W. Van 


Hackensack, N. J., Rep. 
Atta. 

Chain Belt Company, Milwaukee, 
Wis., Rep. W. B. Marshall, Sales 
Promotion Mgr. 

Chapman Valve Manufacturing Co., 
203 Hampshire St., Indian Orchard, 
Mass. 

Chicago Pump Company, 2300 Wolf- 
ram St., Chicago, Ill., Rep. Milton 
Spiegel, Vice-Pres. & Gen. Mgr. 

Clay Products Ass'n, 111 W. Washing- 
ton St., Chicago 2, Ill., Rep. J. D. 
Cook, Secy. 


Climax Engineering Co., Chicago 
Office, 111 W. Monroe St., Room 
922, Chicago 3, Ill., Rep. E. D. 
West, Mgr. 


Crane Company, 836 S. <_-% 
\ve., Chicago 5, Ill., Rep. G. W. 
Hauck, Mgr., Eng. Sales Section. 

Dickey, Clay Mfg. Co., W. S., 607 
Commerce Trust Bldg., Kansas 
ae Mo., Rep. A. G. Frerking, 

‘ice Pres.-Sales Mgr. 

bios Co., Inc., 9 Lexington Ave., 
New York, N. 

Dow Chemical -. Midland, Mich., 
Rep. W. A. Melching. 

Eimco Corporation, 111 W. Washing- 
ton St., Chicago 2, IIIl., Rep. Paul O. 
Richter, Mgr. Central Div. 

Electro Rust-Proofing Co., 1026 
Wayne St., Dayton 10, Ohio, Rep. 
E. H. Ingle, Gen. Mgr. 


Birming- 
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HONORARY MEMBERS 


& Emerson, Woolworth Bldg., New 
York; N.Y. 

Hyde, Prof. Charles Gilman (1943), 
Rm. 11, Engr. Bldg., Univ. of Calif., 
Berkeley, Calif. 

Mohlman, Dr. Floyd W. (1944), 910S. 
Michigan Ave., Chicago 5, III. 


ASSOCIATE MEMBERS 


ar News- Record, 330 W. 
42nd St., New York, N. Y. 

cane Manufacturing Co., 214 W. 
Huron St., Chicago 10, IIl., Rep. R. 
B. Everson, Pres. 

Fairbanks, Morse & Co., 80 Broad St., 
New York 4, N. Y., Rep. Charles J. 
Prestler, Manager Pump Sales. 

Flexible Sewer-Rod Equipment Co., 
9059 Venice Blvd., Los Angeles, 
Calif., Rep. Peter L. Ciacco, Mgr. 

Foxboro Company, Neponset Avenue, 
Foxboro, Mass. 

Gale Oil Separator Co., Inc., 52 
Vanderbilt Ave., New York City, 
Rep. Wm. A. Gehle, Pres. 

General Chemical Co., 3357 W. 47th 
Place, Chicago 32, Ill., Rep. L. I. 
Birdsall, Technical Service Div. 

Glamorgan Pipe & Foundry Co., 
Lynchburg, Va., Rep. John D. 
Capron. 

General Electric Co., 1 River Road, 
Schenectady, N. Y., Rep. H. V. 
Crawford. 

Graver Tank & Mfg. Co., Inc., 4809 
Tod Ave., E. Chicago, Ind., Rep. G. 
V. Malmgren, Vice-Pres. 

Green Bay Fdy. & Machine Wks., 401 
S. Broadway, Green Bay, Wis., Rep. 
James P. North, Pres. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, Mo., 
Rep. Wm. P. Gruendler, Secy-Treas. 

Hardinge Company, York Pa., Rep. 
M. C. Fleming. 

Hersey Manufacturing Co., Corner 
of E and Second Sts., South Boston 
27, Mass., Rep. Wm. C. Sherwood. 

Homelite Corporation, Port Chester, 
N. J., Rep. Nelson Thompson. 

Infilco, Inc., 325 W. 25th Place, Chi- 
cago, Ill., Rep. H. W. Gillard. 


Iowa Valve Co., 812 Hubbell Bldg., 
Des Moines, Iowa, Rep. >. ‘Ss 
Howard, Vice-Pres. & Gen. Mgr. 

Jeffrey Manufacturing Co., Columbus, 
Ohio, Rep. S. L. Tolman. 

Johns-Manville Corporation, 22 E. 


40th St., New York City, Rep. C. 
A. McGinnis, Mgr. Transite Pipe 
Dept. 


Josam Manufacturing Company, 1783 
E. 11th St., Cleveland, Ohio, Rep. 
Leo N. Newman. 

Lakeside Engineering Corp., 222 W. 
Adams St., Chicago, IIl., Rep. R. O. 
Friend. 

Limestone Products Corp. of America, 
Newton, N. J., Rep. Peter J. Kelley, 
Service Representative. 

Link-Belt Company, 2045 W. Hunting 
Park Ave., Philadelphia, Pa., Rep. 
William L. Hartley. 

Ludlow Valve Mfg. Co., P. O. Drawer 
388, Troy, N. Y., Rep. Robert 
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Moses, Howard E. (1943), 1522 N. 
Second St., Harrisburg, Pa. 

Pearse, Langdon (1932), Chicago San. 
Dist., 910 S. Michigan Ave., Chi- 
cago 5, Ill. 

Rudolfs, Dr. Willem (1945), Short 
Course Bldg., Agricultural Experi- 
ment Station, New Brunswick, N. J. 


Lynchburg Foundry Company, Lynch- 
burg, Va., Rep. W. Ray Odor. 


McNulty Engineering Co., 200 Old 
Colony Ave., South Boston, Mass., 
Rep. A. Donald McCulloch. 


Mathieson Alkali Works, Inc., 60 E. 
42nd St., New York 17, N. Y. 


Mine Safety Applicances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa., Rep. N, R. Chil- 
lingworth, Sales Statistical Dept. 

Mueller Company, 512 W. Cerro 
Gordo St., Decatur, Ill. 

Munroe, James A. & Sons, 160 N. 
Washington St., North Attleboro, 
Mass., Rep. James E. Munroe. 

National Water Main Cleaning Co., 30 
Church St., New York, N. Y., Rep. 
Clinton Inglee, Pres. & Gen. Mgr. 

Nichols Engineering & Research 
Corp., 60 Wall Tower, New York, N. 
Y., Rep. R. W. Rowen, Vice-Pres. 

Omega Machine Company, 9 Codding 
St., Providence, R. I. 

Pacific Flush Tank Co., 4241 Ravens- 
wood Ave., Chicago, Ill, Rep. L. E. 
Rein, Pres. 

Pennsylvania Salt Mfg. Co., 1000 
Widener Building, Philadelphia 7, 
Pa., Rep. L. L. Hedgepeth, Mer. 

Pittsburgh-Des Moines Co., Neville 
Island Branch, Pittsburgh, Pa., 
Rep. J. E. O'Leary. 

Pittsburgh Equitable Meter Co., 400 
N. Lexington Ave., Pittsburgh, Pa., 
Rep. W. F. Weimer, Advtg. Mgr. 

Proportioneers, Inc., P. O. Box 1442, 
Providence, R. ie Rep. H. E. 

Hollberg, Vice-Pres. 

Public Works Magazine, 310 E. 45th 
St., New York, N. Y. 

Quigley Company, Inc., 527 Fifth 
Ave., New York City 17, N. Y., 
Rep. R. A. Trefethen, Adv. Mgr. 

Royer Foundry & Machine Co., 158 
Pringle St., Kingston, Pa., Rep. S. 
B. Davies, Pres. & Gen. Mgr. 

Sewage Works Engineering, 24 W. 
40th St., New York, N. Y., Rep. 
Karl M. Mann. 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa., Rep. 
Everett M. Jones, Sales Mgr. 

Smith Manufacturing Co., A. P., 545 
N. Arlington Ave., East Orange, N. 
J., Rep: W. P. Baerenrodt, Treas. 

Stuart-Brumley Corp., 516 N. Charles 
St., Baltimore, Md., Rep. Fred E. 
Stuart. 


United States Pipe & Foundry Co., 
Burlington, N. J. 


Vapor Recovery Systems Co., 30 
Church St., New York City, Rep. 





C. T. Stanhope, Eastern Sales Mgr. 
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Wailes Dove-Hermiston Corp. West- | Water and Sewage _— E.44th | Worthington Pump & Machinery 


field, N. J., Rep. W. H. T. Thornhill, 
Vice-Pres. 


Wallace & Tiernan Co., Inc., . Mill 
J.. Rep. B. M. 


St., Belleville, N. 
Lindsay. 


St., New York, N. 


Wood, R. D., Co.,400 Rui Street, 
Chas. 


Philadelphia, Pa., Rep. 
Becker, Sales Mgr. 


Corp., Harrison, N. J 

Yeomans Bros. Co., 1343 Dayton St., 
Chicago, IIl., Rep. Chas. Yeomans, 
Pres. & Treas. 


MEMBERSHIP OF MEMBER ASSOCIATIONS 
Arizona Sewage and Water Works Association 


r. George W. Marx, Secretary-Treasurer, Sanitary Engineering Division, Arizona State 
Department of Health, Capitol Building, Phoenix, Ariz. 


Bejcek, Otto J., 
4854 Placidia Dr. ye 
Calii. 

Bennett, Richard, City Engr., City 
Hall, Phoenix, Ariz. 


City Water Dept., 


Assoc. San. Engr., 
Hollywood, 


Biggs, Merrill, 
Tucson, Ariz. 

Borquist, Prof. E. S., Head, Dept. of 
Civil Engr., U. of Arizona, Tucson, 
Ariz. 

Carollo, John A., 325 
Phoenix, Ariz. 

Cook, John O., San. Insp., U. S. Dept. 
of Interior, Grand Canyon Nat’l. 
Park, Grand Canyon, Ariz. 

Cunningham, John J., Clerk, Bd. of 
Supvrs., County Court House, 
Kingman, Ariz. 


Ellis Bldg., 


Cushing, Robert, Asst. Engr., 948 


Ash Ave., Tempe, Ariz. 

Frederickson, A., City Utilities Co., 
Pima, Ariz. 

Johannessen & Girand, Cons. Engrs., 
Ellis Bldg., Phoenix, Ariz. 

Keyes, Harmon E., Consultant, 508 
E. Culver St., Phoenix, Ariz. 

King, Ed. E., Supt., Upper Verde 
Public Utilities Co., Clarkdale, Ariz. 

Ladlow, John, Box 1784, Phoenix, 
Ariz. 

Luthin, John C., USPHS, 603 B.M.A. 
Bldg., 215 Pershing Rd., Kansas 
City, Mo. 





| 


Martin, Phil J., Jr., Supt., 224 N. 
Highland Ave., Tucson, Ariz. 


Marx, Geo. W., Dir. San. Engr. Div., 


State Dept. of Health, Capitol 
Bldg., Phoenix, Ariz. 
Miller, Alden W., Sales Engr., 1833 N 


13th Ave., Phoenix, Ariz. 
Northrop, L. E., c/o Neptune Meter 
Co., Los Angeles 13, Calif. 
Padgett, J. W., Litchfield Park, Ariz. 
Pearce, H. B., Clayton Mfg. Co., 1812 
Lemon St., Alhambra, Calif. 
Roberts, A. L., Box 723, Globe, Ariz. 
Sherwood, Wm. H., 1018 E. Second S., 
Salt Lake City, Utah 
Travaini, Dario, Supt., 69 W. Wilshire 
Dr., Phoenix, Ariz. 
Yost, Harold W., Cons. Engr., Yost 
Engr. Co., Heard Bldg., Phoenix, 








Ariz. 


California Sewage Works Association 


Mr. H. H. Jeffrey, Secretary-Treasurer, 112 City Hall, Sacramento, Calif. 


Ackerman, Judson B., CEC., USNR.., 
Lt.(jg), Public Works Dept., 12th 
Naval Dist., 1182 Market St., San 
Francisco 2, Calif. 

Adams, J. J., Assoc. San. Engr., Corps 
of Engrs., Camp Haan, 3959 Everest 
St., Arlington, Calif. 

Adolphe, R. C., ist Lt., A.C., 34th, 
Air Service Sqn., APO No. 845, 
c/o P.M., Miami, Fla. 

Albers, J. C., City Engr. & Street 
Supt., 120 N. Howard St., Glendale, 
Calif. 

Aldrich, Lloyd, City Engr., Rm. 600, 
City Hall, Los Angeles, Calif. 

Alexander, Louis J., Designing Engr., 
1206 Maple Ave., Los Angeles, 
Calif. 

Allen, T. E., Mgr., Indio Sanitary 
Dist., Indio, Calif. 

Allen, Wm. A., Supt., City Hall, 
Pasadena, Calif. 

Allin, Claud R., Supt. of Water & 
Sewers, 113 W. 9th St., Buena Park, 
Calif. 

Anaya, Marvin, San. Engr. Designer, 
367 City Hall, San Francisco 8, 
Calif. 

Appel, A. A., Asst. Sewer Maint. Supt., 
City of Los Angeles, 711 W. 123rd 
St., Los Angeles 34, Calif. 

Arnold, G. E., Lt. Col., Regional San. 
Engr. U.S.P.H.S. , 477 Colon Ave., 
San Francisco, Calif. 

Bacon, Vinton W., Asst. San. Engr., 
USPHS, Malaria Control in War 
Areas, 605 Volunteer Bidg., Atlanta 
3, Ga. 

Banks, Harvey O., Major, 1628 N. 
Roosevelt Ave., Pasadena 7, Calif. 


Banta, A. Perry, Major, 4 Sierra 





View Rd., Pasadena 2, Calif 


Bargman, R. D., Lt.(jg) USNR, In- 
spector Naval Material, Box 175, 
Baytown, Tex. 

Barnard, Archer F., Cons. Engr., 601 
W. Sth St., Suite No. 1000, Los 
Angeles 13, Calif. 

Barrett, J. S., Gen. Contr., 1300 Coast 
Highway, Newport Beach, Calif. 
Bash, Gail, Mgr., Water Dept., City 

Hall, 411 E. Kern St., Tulare, ‘Calif. 

Bassett, Francis M., Opr. Engr., 
Hammer Field, 4633 Navan Ave., 
Fresno, Calif. 

Beaton, R. H., Exec. Vice Pres. & Gen. 
Mgr., Calif. Fish Canners Assoc., 
Inc., Ferry Bldg., Terminal Island, 
Calif. 

Becker, Fred G., Opr., Sew. 

909 San Gabriel, Azusa, Cali if 

Belt, Elmer B., Owner, er 
Mat. Co., 3736 28th St., San Diego, 
Calif. 

Bennett, H. R., City Engr., City Hall, 
Burbank, Calif. 

Bennett, S. G., c/o City Hall, Santa 
Paula, Calif. 

Besselievre, E. C., c/o The Dorr Co., 
570 Lexington Ave., New York 22, 
N. ¥. 

Beveridge, Ben H., Engr., Utah Con- 
crete Pipe Co., 4520 W. 64th St., 
Inglewood, Calif. 

Bishop, H. N., City Engr., P. O. Box 
333, Sunnyvale, Calif. 

Bolin, R. R., Jr., Dist. Sales Engr., 
Chain Belt Co., 366 Brannan St., 
San Francisco 7, Calif. 

Borland, Victor J., Engr.-Chief Drafts- 
man, Los Angeles Co. San. Dist., 
330 Bendix Bldg., 1206 S. Maple 


r. Plant, 


Bothwell, John I., Supv. of Public 
Works, City Hall, Culver City, 
Calif. 

Bowen, M. R., Supt. City 
Dept., 205 N. Greenleaf St., 
tier, Calif. 

Bowlus, Fred D., Chief Engr., 614 
Franklin St., W hittier, Calif. 

Boyle, J. R. Lester, 2241 S. Coast 
Blvd., Laguna Beach, Calif. 

Brown, Floyd W., 1067 Los Palos, 
Los Angeles 23, Calif. 

Brown, Kenneth W., Chem. Engr., 
233 Sansome St., San Francisco 4, 
Calif. 

Brown, R. F., Asst. Supt. of Sewer 
Maint., 1220 Colorado Blvd., Los 
Angeles 12, Calif. 

Brug, C. J., 11936 Hesby St., N. 
Hollywood, Calif. 

Brunty, C. E., Engr. Aide Grade V, 
County Engr., San. and Storm 
Drain Div., 700 Union League Bldg., 
Los Angeles 12, Calif. 

Buckman, Millard E., Ens. USNR, 
USS Dixie, c/o Fleet P. O., San 
Francisco, Calif. 

Burnson, Blair I., San. 
Bay Mun. Util. Dist., 
Oakland, Calif. 

Bush, A. F., State Dept. of Public 
Health, 703 State Bldg., Los Angeles 
12, Calif. 

Byxbee, J. F., Cons. Engr., 347 Alma 
St., Palo Alto, Calif. 

Calder, Charles L., Asst. City Engr., 
City Hall, W hittier, Calif. 

Caldwell, David H., 214 E.M.L., 
Univ. of Calif., Berkeley 4, Calif. 

Carter, Alton B., San. Engr., Gen. 
Contr. Rt. 1, Box 219, Yuma, Ariz. 

Casey, John J., City Engr., San 


Water 
Whit- 


Engr., East 
512 16th St., 





Ave., Los Angeles 15, Calif. 


Francisco, Calif. 
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Castello, W. O., Supt. of Sewer Dept., 
City Hall, Sacramento 14, Calif. 
Chanlett, Emil T., Capt., 0-517461, 
724 Van Nest Ave. .. New York 60, 

oo a 

Chutter, W. H., Sec.-Mgr., Jourdan 
Concrete & Pipe Co. PC. Box: 182; 
Fresno, Calif. 

Clark, J. C., Chief Opr., Sew. Tr. 
Plant, City "Hall, Huntington Beach, 
Calif. 

Cobleigh, W. H., Gen. Foreman, 
Sewer Maint. Div., 724 W. 49th 
Place, Los Angeles 37, Calif. 

Cole, Harvey M., Jr., City Engr’s. 
Office, Civic Center, San Diego 1, 
Calif. 

Collins, A. Preston, Civil Engr., San. 
Div., Los Angeles County Engrs. 
Office, 700 Union League Bldg., Los 
Angeles 12, Calif. 

Compton, C. R., Ass’t. Chief Engr., 
Los Angeles Co. San. Dist., 330 
Bendix Bldg., 1206 S. Maple Ave., 
Los Angeles 15, Calif. 

Connors, Joseph J., Bact. Chem., 2722 
Virginia, Berkeley 4, Calif. 

Cook, Lawrence H., Civil Engr., Box 
696, Menlo Park, Calif. 

Cook, Max E., 100 Bush Street, San 
Francisco, Calif. 

Cooley, E. C., 625 Market St., Rm. 
1414, San Francisco, Calif. 

Copeland, Kern H., Major, 82I1st 
Hosp. Center, APO 247, c/o P.M., 
San Francisco, Calif. 

a H. P., Engr., Room 700, 

ity Hall, Los Angeles, Calif. 

iiaiee = R., Owner, Flexible Sewer 
Rod Equip. Co., 9059 Venice Bldg., 
Los Angeles, Calif. 

Creears, T. H., 1824 S. Hope St., 
Los Angeles, Calif. 

Currie, Frank S., Cons. Engr., 219 
\ndreson Bldg., San Bernardino, 
Calif. 

Davenport, Llewellyn D., Hope Ranch, 
Santa Barbara, Calif. 

Davey, H. W., Opr., Bakersfield 
rr. Plant, 1021 Q Street, Bakers- 
field, Calif. 

Davids, E. M., Vice-Pres., Gladding 
McBean Co., 2901 Los Feliz Boule- 

vard, Los Angeles, Calif. 

Davidson, J. F., Cons. Engr., David- 
son & Fulmor, 3646 Seventh St., 
Riverside, Calif. 

Davis, Earle E., Supt. of San., War 
Memorial Bldg., Las Vegas, Nev. 
DeMartini, Frank E., USPHS, East 
rhird & Kilgour Sts., Cincinnati 2, 

Ohio 

Deming, P. H., Owner, The Deming 
Co., 817 Yale St., Los Angeles, 
Calif. 

Derby, Ray L., Asst. San. Engr., 
Los Angeles Dept. of Water & 
Power, 4766 Edgewood Place, Los 
Angeles 6, Calif. 

DeWante, Randolph H., Ist Lt., 
0-495197, Station Hosp., Army Air 
Field, Long Beach, Calif. 

Doane, Carroll C., Opr. Engr., Santa 
Rosa Airdrome, 487 Mark West 
Spring Road, Santa Rosa, Calif. 

Dopmeyer, A. L., 1407 U. S. Apprais- 
ers Bldg., San Francisco 11, Calif. 

Duncan, Roland, Chief ee Officer, 
USN, 44th U.S. N.C.B., c/o Fleet 
Post ‘Office, San Francisco, Calif. 

—_ Garth H., City Hall, Monrovia, 

alif. 

anne Gilbert H., Asst. Prof. San. 
Engr., Univ. of Alabama, Box 1996, 
University, Ala. 





Early, Fred J., Jr. Cons. Engr., 369 
Pine St., San Francisco, Calif. 

Easley, G. E., Chief Opr., Camp 
Roberts Sewage Disposal Plant, 
P. O. Box 443, Atascadero, Calif. 

Egan, J. H., c/o Crane Co., 321 E. 
Third St., Los Angeles, Calif. 

Elder, Leiton J., 56 Scenic Ave., San 
Rafael, Calif. 

Fenchel, Randolph, Res. Opr., Sewage 
Disposal Plant, 146 Hitchcock Rd., 
Salinas, Calif. 

Finley, Dexter L., 3567 Hoover St., 
Riverside, Calif. 

Fish, Raymond S., .. Katherine 
Court No. 3, 825 we Tih St., Med- 
ford, Ore. 

Fitch, T. A., San. Engr., Dir. Bur. of 
Standards, Dept. of Public Works, 
826 Yale St., Los Angeles 12, Calif. 

Flannery, Harold J., ad Engr., City 
Hall, San Jose, Calif if 

Foreman, Merle S., Bact., State Dept. 
of Public Health, 15 Shattuck 
Square, Berkeley 4, Calif. 

Foster, Herbert B., Jr. San. Engr., 
497 Kentucky Ave., Berkeley, 
Calif. 

Foster, Wm. Floyd, Engr., 333 W. 
Second St., Room 711, Los Angeles, 
Calif. 

Fraschina, Keeno, Asst. Supt. & 
Techn., Richmond Sunset Sewage 
Tr. Plant, 4545 Lincoln Way, San 
Francisco 22, Calif. 

Fraters, E. W., Calif. Corrugated Cul- 
vert Co., 7th & Parker Sts., Berke- 
ley, Calif. 

Freer, Paul H., Gen. Del., Phoenix, 


re. 

Frick, A. L., Jr., Dist. Mgr., 2311 E. 
8th St., Los Angeles, Calif. 

Frickstad, Walter N., City Engr., 803 
City Hall, Oakland 12, Calif. 

Froehde, F. C., City Engr. & Supt. of 
Streets, City Hall, Pomona, Calif. 

Fullerton Public Library, Fullerton, 
Calif. 

Galloway, Robert N., Supt., Rt. 1 
Box 758, Garden Grove, Calif. 

Gardner, R. T., Wallace & Tiernan, 
atl E. 8th St., Los Angeles 21, 

Cali 

Gill, Harry J., Supt., Foreman, Bur. 
of Maint. & San., 4524 Denny Ave., 
North Hollywood, Calif. 

Gill, John B., Sales Supervisor, 116 
New Montgomery St., San Fran- 
cisco, Calif. 

Gillespie, C. G., Chief, Bureau of San. 
Engr., 15 Shattuck Square, Berke- 
ley, Calif. 

Gladding, Charles, Pres., Gladding 
Bros. Mfg. Co., Third & Keyes Sts., 
San Jose, Calif. 

Goodridge, Harry, City Engr., City 
Hall, Berkeley, Calif. 

Goudey, R. F., San. Engr., Water & 
Power Dept., Box 3669, Terminal 
Annex, Los Angeles, Calif. 

Graham, E. H., Office Engr. & Mear., 
Koebig & Koebig, 5046 Meridian 
St., Los Angeles 42, Calif. 

Graham, William, Fore., Waste 
Water Disp., Richfield Oil Co. 
Refinery (Watson), P. O. Box 787, 
Wilmington, Calif. 

Gray, Harold F., San. & Hydraulic 
Engr., 2540 Bonvenue Ave., Berke- 
ley, Calif. 

Gregory, The John H. San. & M 
Ref. Lib., Rm. 229, City Hall, 
Columbus. Ohio 

Gregory, Ted R., Chief Engr., Flota- 
tion Systems Inc. -, 1112 Wellington 
Ave., Pasadena 2, Calif. 
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Gruss, A. W., Agent, The American 
Brass Co., 235 Montgomery St., 
San Francisco, Calif. 

Gwin, Thomas M., Supt., 5611 Elev- 
enth Ave., Sacramento 17, Calif. 
Hager, Everett C., 8801 Croydon Ave., 

Los Angeles 43, Calif. 

Hager, J. Wm. Chief Opr., 195 D. 
Street, San Bernardino, Calif. 

Hammond, Robert H., 54234 Carl- 
ton Way, Los Angeles 27, Calif. 

Hanes, Gilbert C., Assoc. San. Engr., 
Serv. Com. Engrs., Hq., 9th Serv. 
Com., 75 H St., Salt Lake City 3, 
Utah 

Hapgood, E. P., City Engr., City 
Hall, Anaheim, Calif. 

Hardenburgh, E. A., Supt., ~~ 
Disposal a 635 Adelia St., 
Monte, Calif. 

Harding, Robert G., Cons. Engr., 414 
Utah Savgs. & Trust Bldg., Salt 
Lake City 1, Utah. 

Harmon, Judson A., San. Engr., 703 
California State Bidg., Los Angeles 
12, Calif 

Harper, Travis C., Opr., 225 South G 
St., Lompoc, Calif. 

Haseltine, T. R., 4817 Centre Ave., 
Pittsburgh, Pa. 

Hayes, Walter, Supt., Disposal Plant, 
P. O. Box 35, Ojai, Calif. 

Hill, K. V., Cons. Engr., c/o Greeley 
& Hansen, 6 N. Michigan Ave., 
Chicago 2, Ill. 

Hilton, E. M., Capt., c/o Post Engi- 
neer, Camp Roberts, Calif. 

Hirtler, William, Opr., El Toro 
ie Base, Box 531, Costa Mesa, 

ali 


Hitchner, A. H., Filtration Engr., 
Oliver United Filters, 2900 Glas- 
cock, Oakland, Calif. 

Hodgkinson, Jack, 730 Griffith Way, 
Laguna Beach, Calif. 

Hommon, H.B., Bureau of San. Engr., 
Calif. State Dept. of Public Health, 
15 Shattuck Square, Berkeley, 
Calif. 

Hoskinson, Carl M., Chief Engr. & 
Acting Supt., Div. of Water & 
Sewers, 112 City Hall, Sacramento 
14, Calif. 

Howell, Eugene M., Capt., Hq., 27th 
Inf. Div., APO 27, c/o Postmaster, 
San Francisco, Calif. 

Huebner, Ludwig, Chief Opr., Palo 
Alto Sew. Tr. Plant, Box 52, Station 
A, Palo Alto, Calif. 

Huffman, Fred, 422 University St., 
Healdsburg, Calif. 

Hume, Norman B., Ass’t. Civil Engr., 
Div. of Sewer Design, — Deodar 
Circle, Pasadena 8, Calif 


Hunt, Geo. W., 262 perm Long 
Beach 3, Calif. 

Hurst, Howard M., Acting Dir., Div. 
of Public Health Engr. & San., 
State Dept. of Health, 130 State 
Capitol, Salt Lake City, Utah. 

Huth, Norman A., City Engr., City 
Hall, Visalia, Calif. 

Hyde, Prof. Chas. Gilman, Rm. 11, 
Engr. Bldg., Univ. of Calif., Berke- 
ley, Calif. 

Ingram, Wm. T., Major, USPHS, 256 
Stanford Ave., Berkeley 8, Calif. 
Jeffrey, H. H., Chem., City Hall, Rm. 

112, Sacramento 14, Calif. 

Jenks, Harry N., Cons. Engr., 345 
Madrono Ave., Palo Alto, Calif. 
Jessup, A. H., Chief Design. Engr., 
raat N. Segoria Ave., San Gabriel, 

alif. 
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Jewell, H. W., 


26, Calif. 


Johnson, Verner C., 
shire, Hemet, Calif. 


115 W. 


Jones, Thomas P. B., Chief Deputy 
Health Office, Riverside Co. Health 


Dept., P. O. 
Calif. 

Jones, Wayland, Supt., South Dis- 
posal Plant, 2131 Plymouth, Stock- 
ton, Calif. 

Jorgenson, Homer W., Capt., Rt. 4, 
Box 2473, Modesto, Calif. 

Keeler, Russell B., San. Engr., 1938 
Garth Ave., Los Angeles 34, Calif. 

Keirn, Kenneth A., Div. Megr., Wal- 
lace & Tiernan Sales Corp., 171 
Second St., San Francisco, Calif. 

Kelly, Earl M., Comdr., 12th Naval 
Construction Reg., 1014 S. Orange 
Grove, Los Angeles 35, Calif. 

Kempkey, A., Cons. Engr., 409 Balboa 
Bldg., San Francisco 5, Calif. 

Kennedy, C. C., Cons. Engr., Atlas 
Bldg., 604 Mission St., San Fran- 
cisco, Calif. 

Kennedy, D. R., Supt., Pipe Lines 
Div., 502 City Hall, Long Beach, 
Calif. 

Kennedy, R. R., Assoc. ¢ 
Mission St., San Francisco, Calif. 


Box 375, Riverside, 


Kimball, Jack H., P. A. Sanitary 
Engr.(R) USPHS, 4803 E. 75th St., 
Seattle,Wash. 


King, L. P., Sales Engr., Chain Belt 
Co., 1414 Santa Fe Ave., Los 
Angeles, Calif. 

Kivari, A. M., Mgr., 811 W. 
Los ‘Angeles 14, Calif. 

Kizler, Wilfred C., Chief Opr., Sew- 
age Plant, Camp Santa Maria Air 
Base, P. O. Box No. 508, Arroyo 
Grande, Calif. 

Knoedler, H. A., Inertol Co., 64 S. 
Park, San Francisco, Calif. 

Knowlton, W. T., Cons. Engr., 1632 
South Van Ness Ave., Los Angeles 
6, Calif. 

Koebig, A. H., Jr., Koebig & Koebig, 
Cons. Engrs., 458 S. Spring St., Los 
Angeles, Calif. 

Kolb, Fred W., 82 Macondray St., 
San Francisco, Calif. 
Kressly, Paul E., Cons. 

Hall, Azusa, Calif. 

Langelier, W. F., Prof. San. Engr., 213 
Engr. ‘Materials Lab., Univ. of 
Calif., Berkeley, Calif. 


7th St., 


Engr., City 





Engr., Pacific Clay 
Prods., 306 West Ave., Los Angeles 


Devon- 


Engr., 604 
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Lowther, Burton, Cons. 
Colorado Bldg., Denver 2, Colo. 
Ludwig, Harvey F., Capt., 1014 S. 
Harbor View, San Pedro, Calif. 
Ludwig, Russell G., Asst. San. 
USPHS, 605 Volunteer Bldg., At- 

lanta, Ga. 

Luippold, G. T., 
Co., 1930 W. 
Angeles, Calif. 

McGeorge, W. L., San. Engr., 932 
S. E. 40th St., Portland, Ore. 

McIntosh, Pierce B., P. O. Box 1739, 
Sacramento 8, Calif. 

= W.H., Opr., Rt. 1, Box 330, 
San Luis Obispo, Calif. 

McKinlay, Daniel, Field Engr., In- 
filco, Inc, 611 Howard St., San 
Francisco, Calif. 

McLaren, Alfred M., Sales Engr., 
Fairbanks Morse & Co., 3772 Dub- 
lin Ave., Los Angeles, C “alif. 

McMillan, Donald C., City Mgr., 710 
Grand St., Alameda, Calif. 

McMorrow, B. J., Dir., Bur. of San., 
Territorial Bd. of Health, P. O. 
Box 3378, Honolulu 1, T. H. 

| McMorrow, Thos. M., Sanitarian, 

Contra Costa Co. Health Dept., 

a 125, Hall of Records, Martinex, 

Calif 

| Macabee, Lloyd C., Cons. Engr., 156 | 
University Ave., er Alto, Calif. 
Maga, John A., Lt., 316 El Camino 

Real, San ~ eon Calif. 


Luippold Engr. Sales 
Olympic St., Los 





| 
Martin, Benn, 2160 Vallejo St., San | 


Francisco, Calif. 
Martin, Charles P., 
Leandro, Calif. 
| Martin, Stanley F., Chief of Water & 
Sewerage Div., Los Angeles County 
Health Dept., 808 N. Spring St., Los 

Angeles, Calif. 

May, Harold L., Engr., Water & 
Sewer Div., Palo Alto, Calif. 

Medberry, H. Christopher, Purifica- 
tion Engr., Water Dept., San Fran- 
cisco, Millbrae, Calif. | 

ony Louis P. H., 583 Dolores St., 

San Francisco, Calif. 

Miick, Fred E., Asst. Megr., Link- 
Belt Co., Pacific Div., 361 S. Ander- 
son St., Los Angeles 33, Calif. 

Miles, Henry J., Asst. Prof. of Civil 
: ngr., 957 W. 30th St., Los Angeles 

° Calif. 

Mills, J. Ralph, Opr., 1385 W. Wil- 

liams St., Banning, Calif. 


City Hall, San 





Lederer, K., Dir. & Gen. Mgr., Mer- 
cury Technical Cloth & Felt Corp., 
1265 Broadway, New York, N. Y. | 

Lee, Chas. H., Cons. Engr., 
St., San Francisco, Calif. 

Lemcke, Ewald M., Maint. Engr., 
Orange County Joint Outfall Sewer, 
City Hall, Anaheim, Calif. 

Lemon, Paul R., Asst. Supt., Sewage 
Tr. Plant, Calif. State Prison, P.O. 
Box 572, Folsom, Calif. 

LeValley, Fred, Sewer Foreman, 4092 
Elmwood Court, Riverside, Calif. 
Livingstone, Bard, Supt. Water Dept., 
City Hall, San Bernardino, Calit. 
Long, Frank V., Pres., Vapor Recovery 
System, Inc., Box 231, Compton, 

Calif. 

Los Angeles Public Library, Mun. 
Reference Library, 300 City Hall, 
Los Angeles, Calif. 

Los Angeles Public Library, Serials 
Div., 530 S. Hope St., Los Angeles, 
Calif. 

Lowe, Robt., San. Engr., War Reloca- 
tion Authority, 1015 N. Kensington 

St., Arlington, Va. 
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Morris, Arval, Sales Engr., Sterling 
Electric Motors, Inc., Telegraph 
Rd. at Atlantic Blvd., Los Angeles 
22, Calif. 
unson, Laura A., Mrs., San Engr., 
2306 W. Lawn, Madison 5, Wis. 
Murphree, Verbon L., Opr., Sewage 
Plant, Santa Maria A.A.F., 
Thornburg St., Santa Maria, Calif. 


Nasi, Kaarlo. Capt., USPHS, Dis- 
trict No. 10, Federal Bldg., Hono- 
lulu, T. H. 

Nelson, Frederick G., c/o The Dorr 
Co., Inc., 811 W. 7th St., Los 
Angeles 14, Calif. 

Noel, Carl F., Engr. Rep., The Ameri- 
can Well Works of Aurora, Illinois, 
428 13th St., Oakland 12, Calif. 

Norfleet, Clark T., Pacific Clay Prod- 
ucts, 306 W. Avenue 26, Los 
Angeles, Calif. 

Nugent, Lee M., Opr., Rt. 
Lathrop, Calif. 

O’Connell, Wm. J., Jr., ‘Technical 
Consultants,’’ 525 Market St., San 


_ 
a) 


1, Box 262, 


Engr., 710 


Engr., 


O'Neill, Ralph W., 1734 Cleveland 
., Glendale 2, Calif. 

Gunes, Henry J., Assoc. San. E ngr., 
1911-B Berryman St., Berkeley 7, 
Calif. 

Pacheco, Leo, Sewage Plant Supt., 
City Hall, Santa Clara, Calif. 

Page, Ronald C., Engr. to the Shire 
Council of E. Loddon, Serpentine, 
Victoria, Australia 

Painter, Carl E., Water Works Equip- 
ment Co., 149 Ww. Second St. South, 
Salt Lake City, Utah 

Palmer, Harold K., Off. Engr. and 
Chief Draftsman, * Los Angeles C 0. 
Sanitation Dist., 330 Bendix Build- 


ing, 1206 S. Maple, Los Ange les 
15, Calif. 

Parker, H. C., 5409 Palm Ave., River- 
side, Calif. 

Parkes, G. A., Civil Engr., 2070 


Stratford, South Pasadena, Calif. 

Parrish, Miles A., Partner, D. A. 
Parrish & Sons, 3907 Grant Ave 
Fresno, Calif. 

Partin, John L., Civil Engr., 
Balsam, Los Angeles 25, Calif. 

Pederson, Jean J., San. Engr., Office 
Serv. Com. Engrs., Bldg. 96, Fort 
Douglas, Utah 

| Peterson, J. H., 116 New Mont 
gomery St., San Francisco 19, Calif. 

| Phelps, B. D., Harbor Dept., 1040 W. 

| Broadway, San Diego 1, Ce alif.. 


2151 








| Phillips, Elmer, Chem., Sunnyside 
Winery, Fresno, Calif. 

| Pickett, Arthur G., Deputy County 

| Engr., Los Angeles County, 700 


Union League Bldg., Los Angeles, 


Calif. 
Pierce, C. L., Dist. Rep., Great West 
Div. of Dow Chem. Co., 634 S. 


Spring St., Los Angeles 14, Calif. 
Pierce, D. O., Civil Engr., Alameda 
Air Station, 1819 Wood Street, 
Alameda, Calif. 
Pomery, Richard, Cons., Rm. 639, 117 
E. Colorado St., Pasadena 1, Calif. 
Poole, Wm. A., Opr., 227 S. Hollen- 
beck Ave., Covina, Calif. 
Porter, H., Asst. City Engr., 
Center, San Mateo, Calif. 
Post, Fred W., Supt. Sewage Disposal 


Civic 


Plant, Route 3, Box 433, Lodi, 
Calif. 

| Powers, R. W., Mech. Engr., 1112 
Harbor View Ave., San Pedro, 
Calif. 


Quartly, Eric V., Supt., Sew. Tr. Pit., 
806 Adella Ave., Coronado, Calif 
Racely, Wilbur A., Assoc. San. Engr 

War Relocation Center, Manzanar 
« Calif, 
Ramseier, Roy E., Sr. San. Engr. 
2811 Parker St., Berkeley 4, Cali 
Rawn, A. M., Los Angeles Co. San. 
Dists., 330 Bendix Bldg., 1206 S. 
Maple Ave., Los Angeles 15, Calif. 
Reed, Chas. A., Asst. City Engr., Rm. 
708, City Hall, Oakland 12, Calif. 
Reeves, C. F., Dist. Mgr., DeLaval 
Steam Turbine Co., 410 Rialto 
Bldg., San Francisco 5, Calif. 
Reidell, A. G., Capt., San. Corps, 139 
W. 62nd St., Los Angeles 3, Calif. 
Reinhardt, Arthur W., Asst. San 
Engr., State Dept. of Public Health, 
1561 Euclid Ave., Berkeley 8, Calif. 
Reinke, E. A., Sr. San. Engr., Bureau 
of San. Engr., St. Dept. of Public 
Health, 15 Shattuck Sq., Berkeley 
4, Calif. 
Renoud, Gleason L., Assoc. San. 
Engr., USAAF, 740 Fourth, Sacra 





Francisco, Calif. 


mento 14, Calif. 
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Rew, Myron E., Chem., City Water 
Works, 37th & Broadway, Council 
Bluffs, lowa 

Reynolds, Leon B., Prof., Hydraulic 
& San. Engr., Rm. 275, Stanford 
Univ., Stanford, Calif. 

Ribal, Raymond Robt., Lt. Col., 
Lyman Rd., Oakland, Calif. 

Riffe, Norman T., San. Engr., 2152 
War St., Berkeley 5, Calif. 

Roberts, F. C., Jr., USPHS, FRHA— 
Region V, Cleveland 15, Ohio 

Roberts, W. C., Dir., Pacific Engr. 
L. ib., 604 Mission St., San Fran- 

sco 5, Calif. 

Robertson, John, Sr. Opr., Hammond 


3889 


Gen. Hosp., Box 249, Rt. 2, Oak- 
dale, Calit. 
Robinson, W. S., Opr., 152 E. Louise 


t., Long Beach, Calif. 
i R. L., Opr., 945 20th St., 
n Diego 2, Calif. 
oui his, Joseph M., 
Corps, AUS., 2745 
Los Angeles 41, Cali 
Sauer, Victor W., Capt., 0-517444, 
83rd Malaria Control Unit, APO 
No. 322, Unit 1, c/o Postmaster, 
San Francisco, Calif. 
Schneider, Warren A., Waste Disposal 
Bureau of San. and Maint., 


Capt., 
Medlow 
fi. 


Ave., 


Engr. 
Room 700, City Hall, Los Angeles 
12, Calif. 

Schott, Edgar C., City Hall, Santa 


Clara, Calif. 

Schuck, H. W., P. O. Box 191, Burlin- 
game, Calif. 
Schureman, A. 
Yuma AAF, 

\riz. 
Segel, A., Cons. Engr., 1369 Wilson 
\ve., Fresno 1, Calif. 
Seitel, G. C., Supt., Serv. 
Hall, Chino, Calif. 

Senseman, Wm. B., Pacific Coast 
Mer., Combustion Engr. Co., 406 
S. Main St., Los Angeles, Calif. 

Shaw, Paul A., Chief Chem., Terminal 
Island Sea Foods, Ltd., 241 Fish 
rst arbor Wharf, Terminal Island, 
Calif. 

Shearer, Pan B., Supt., 11 
Place, San Anselmo, Calif. 

Shook, H. E., Dow Chemical Co., 
10th Floor, 310 Sansome St., San 
Francisco 4, Calif. 

Siegel, i. A., San. Engr., Rt. 1, 
30x 337, § Santa Ana, Calif. 

Silberbauer, Walter R., Inspr., Camp- 
bell San. Dist., Box 614, Campbell, 
Calif. 

Siverts, Samuel A., San Engr., 351 
Calif. St., Rm. 408, San Francisco 
19, Calif. 


Engr., 
Yuma, 


L., Assoc. 
221 Fifth St., 


Dept., City 


Library 


Sanitary 








Skinner, John F., Cons. Engr., 1610 
Idlewood, Glendale 2, Calif. 


Smith, C. A., Cons. Engr., 300 Car- 
men’s Bldg., 107 W. Linwood Blvd., 
Kansas City, Mo. 


Smith, H. G., Eng. of Sewer Design, 
hes * sad Hall, Los Angeles 12, 
alif. 


Smith, J. ste Sales Mgr., Great West- 
ern Div., Dow Chemical Co., 10th 
Floor, Sansome St. ., San Francisco, 
Calif. 

Smith, Neal D., City Mer.; City of 
Ontario, City Hall, Ontario, Calif. 

Snyder, John A., Jr., Opr., Sewage 
Disposal Plant, 3350 Nevada Ave., 
Fresno 2, Calif. 


Sohler, George W., Opr. Supt., P. O. 
Box 385, Mountain View, Calif. 


Spear, James J., Gen. Supt., M. C. 
Nottingham Co kad IN Cloverly, 
Temple City, Calif. 

Stevenson, Ralph A., Cons. Chem., 
641 Gibbons St., Los Angeles, 
Calif. 

Stewart, Dueray L., Asst. Civil 
Engr., 701 City Hall, Oakland 12, 
Calif. 


Stewart, Jesse A., Engr., 716 Dela- 
ware, Huntington Beach, Calif. 

Stewart, Morgan E., ist Lt., Office of 
the Surgeon, Preventive Med. Sec., 
Hq., 3rd Army, APO! 403, c/o Post- 
master, New York, 

Stewart, R. E., ihe. 
McBean & Co., 2901 
Blvd., Los Angeles, Calif. 

Strangard, Edward L., Chief Opr., 
Engr., USNAS, 1524 Willow St., 
Alameda, Calif. 

Szymanski, Walter C., Mech. Engr. 
5720 N. 25th St., Omaha, Nebr. 
Taylor, Arthur, Cons. Engr., 725 S. 
Spring St., No. 310, Los Angeles 

14, Calif. 

Taylor, Spencer R., Opr. Engr., Fed- 
eral Public Housing Authority, 
Linda Vista Project, 7074 Fulton 
St., San Diego, Calif. 

Terrill, James G., Jr., Capt., 
MCWA, 605 Volunteer Bldg., 
lanta, Ga. 

Thews, Vernon W., 
Sewage Plant, 2300 S. Pacific 
San Pedro, Calif. 

Thoits, Edw. D., San. Engr., San 
Joaquin Local Health Dist., 130 S. 
American St., Stockton, Calif. 

Trotter, Roy M., Asst. San. Engr., 
1551 Sanoma Ave., Berkeley 6, 
Calif. 

Univ. of California Library, Div. of 
Serials & Exchanges, Berkeley, 
Calif. 


Gladding, 
Los Felis 


USPHS, 
At- 


Terminal Island 
Ave., 
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Univ. of Southern California, General 
Library, University Park, Los 
Angeles 7, Calif. 

Uplegraff, W. R., Western City Maga- 
zine, 458 S. Spring St.. Los Angeles, 
Calif. 

Vandenberg, Alfred John, Asst. Engr., 
Naval Air Station, Alameda, 1752 
Solano Ave., Berkeley 6, Calif. 

Van Norman, Jas. H., Chief Opr., Los 
Angeles Tr. Plant, 634 Lomita St., 
El Segundo, Calif. 

Van Pelt, Richard, San. Engr., 
Neal, Grass Valley, Calif. 
Vaughan, E. A., Mer., Lompoc Light 
& Water Dept., P. O. Box 456 

Lompoc, Calif. 

Vensano, H. C., Dir., Dept. of Public 
Works, Room 260, City Hall, San 
Francisco, Calif. 

Waggoner, E. R., 306 West Ave. 26, 
Los Angeles, Calif. 

Walters, Grover L., Supt. Water & 
Sewer Dept., 237 W. Common- 
wealth, Fullerton, Calif. 

Weed, Sam A., Capt., 0-928536, San 
Antonio Aviation ‘Cadet Center, 
San Antonio, Tex. 

Westgate, Thomas A., Chief Opr. 
Engr., Mira Loma Quartermaster 
Depot, 729 W. Carlton St., On- 
tario, Calif. 

White, Geo. C., Div. Engr., Wallace 
4 Tiernan Sales C orp., 171 Second 

, San Francisco, Calif. 

lines H. H., Supt. of Public Works, 
City Hall, Auburn, Calif. 

— R. E., Cons. Engr., 2617 20th 

, Bakersfield, Calif. 

Wiking George F., 235 Montgomery 

St:, San Francisco, Calif. 


Wintersgill, A. T., 306 W. Ave., 
Angeles 26, Calif. 


Wise, Melvin J., Supt., Water & Sew- 
age Tr. Plants, DeWitt General 
Hosp., 150 Hale St., Auburn, Calif. 

Woo, Francis H., P. O. Box 2773, 
Honolulu, T. H. 

Wood, George L., Water & Sewer 
Supt., City of Bishop, Bishop, Calif. 

Wright, L. R., Supt., Los Angeles Co. 
Sanitation Dist., Sewage Tr. Plant, 


S11 


Los 


815 N. Chester Ave., Compton, 
Calif. 

Wyatt, Bradley W.,Supt., N. Clark & 
Sons, 401 Pacific Ave., Alameda, 
Calif. 


Yoder, M. Carleton, Lt.(j.g.), U. S. 
Naval Base No. 824, Box 1, fs 
F.P.O., San Francisco, Calif. 

Zievers, Robt. J., Sales Engr., Dorr 
Co., 811 W. Seventh St., Los Angeles 
14, Calif. 


The Canadian Institute on Sewage and Sanitation 


A. E. Berry, Secretary-Treasurer, Sanitary Engineering Division, Ontario Department 
of Health, Toronto 8, Ontario, Canada 


Acri, L. P., Dundas Construction, Ltd., 
28 Grove Ave., Toronto 3, Ontario, 
Canada 

Anderson, C. S., Engr., Tisdale Twp., 
South Porcupine, Ontario, Canada 


Anderson, R. V., Engr., Armstrong- 
Wood & Co., Temple = 62 


Richmond St. W., Toronto 1, On- 
tario, Canada 

Armstrong, C. G. R., Cons. Engr., 
Bartlet Bldg., Windsor, Ontario, 


Canada 





Argo John W., Cons. Engr., Gore and 
Storrie, 1130 Bay St., Toronto 5, 
Ontario, Canada 

Avery James, City Foreman, City 
Yards, North Bay, Ontario, Canada 


Baird, E. M., Township Engr., 11 Ava- 


lon Blvd., Toronto 13, Ontario, 
Canada 

Baker, G. H., Engr., North York 
Township, Willowdale, Ontario, 
Canada 








Ball, Oliver, V., Sr. San. Engr., On- 
tario Dept. of Health, 27 Webb 
Ave., Toronto 9, Ontario, Canada 


Bayard, G. A., Keystone Contractors 
Ltd., 732 Langlois Ave., Windsor, 
Ontario, Canada 


Bell, Fred A., Cons. Engr., Court 
House, St. Thomas, Ontario, Can- 
ada 


Bernard, G. E., Sales Mgr., Sicard 
Ltd., 2055 Benett Ave., Montreal, 
P. Q., Canada. 
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Berry, A. E., Dir., San. Engr. Div., 
Ontario Dept. of Health, 235 Gains- 
boro Rd., Toronto 8, Ontario, Can- 
ada 

Bird, T. A., c/o W. Bird, R. R. No. 4, 
London, Ontario, Canada 

Black, D. T., Town Engr., 72 Mill St., 
N., Brampton, Ontario, Canada 

Blewett, W. G., Town Clerk, Box 230, 
Kamsack, Saskatchewan, Canada 

Borgford, T. B., San. Engr., Canadian 
Institute, Ltd., 4019 Hingston Ave., 
Montreal, P. Q., Canada 

Both, Jack, The Diamond Construc- 
tion & Engineering Co., 18 Gordon 
St., Bellville, Ontario, Canada 


Raman, Charles, City Engr., 
City Hall, Vancouver, British 
Columbia, Canada 

Brereton, W. P., Bd. of Comm., 


Greater Winnipeg San. Dist., 274 
Asland Ave., Winnipeg, Manitoba, 
Canada 

Brickenden, F. M., Dist. Engr., Dept. 
of National Health & Welfare, 82 
Cordova St., Winnipeg, Manitoba, 
Canada 

Brown, Beverley J., Gen. Sales Mgr., 
The Pedlar People Ltd., Oshawa, 
Ontario, Canada 

Browne, F. G., Engr., Teck Town- 
ship, Kirkland Lake, Ontario, Can- 
ada 

Brownridge, F. B., Town Clerk, Corn- 
wall, Ontario, Canada 

Buckley, E. J., Sales Engr., W. J. 
Westaway Co., Ltd., 38 Main St. 
W., Hamilton, Ontario, Canada 

Burn, G. A. H., Asst. San. Engr., On- 
tario Dept. of Health, Parliament 
Bldgs., Toronto 2, Ontario, Canada 

Burnett, A. H., Supt. Union Sewerage 
Com. of Mimico & New Toronto, 
249 Church St., Mimico, Ontario, 
Canada 

Bush, M. M., Clerk and Treas., Town 
of Burlington, Burlington, Ontario, 
Canada 

Bye, Norval E., Clerk, Town of 
Thorold. Thorold, Ontario, Canada 

Carlson, A. J., Dist. Engr., Dept. of 
National Health & Welfare, St. 
John, N. B., Canada 

Caverly, D. S., Asst. San. Engr., On- 
tario Dept. of Health, 807 Rich- 
mond St. W., Toronto 3, Ontario, 
Canada 

Chenevert, J. G., Cons. Engr., 1203 
Dominion Square Bldg., Montreal 
2, Quebec, Canada 

Chesney, C. T., City Clerk-Treas., 
Galt, Ontario, Canada 

Chisholm, D. M., Sales Mer., Norton 
Company of Canada Ltd., Hamilton, 
Ontario, Canada 

Church, H. J., Mer. Toronto Office, 
Darling Brothers, Ltd., 137 Wel- 
lington St. W., Toronto 1, Ontario, 
Canada 

Clark, John, Town Clerk, Dunnville, 
Ontario, Canada 

Clarkson, G. H., Mun. Clerk and 
Treas., 1513 Lake Shore Rd., Long 
Branch, Ontario, Canada 

Cleveland, E. A., Chairman, Van- 
couver & Dists. Joint Sewerage & 
Drainage Board, 1303 Sun Bldg., 
Vancouver, British Columbia, Ca- 
nada 

Colby, William D., Town Engr. of 
Wallaceburg, Wallaceburg, Ontario, 
Canada 

Cole, Arthur F. W., Service Engr., 
Nichols Chemical Co. Ltd., 137 
Wellington St. W., Toronto 1, On- 
tario, Canada 
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Collier, J. D., W. K. Porteous 
Ltd., 2 Elerae ’Rd., Hampstead, 
Montreal, Quebec, Canada 

Collins, W. H., Sewer Engr., City of 
Hamilton, 16 Senator Ave., Hamil- 
ton, Ontario, Canada 

Conant, F. M., Engr., Link Belt Ltd., 
791 Eastern Ave. + Toronto 8, On- 
tario, Canada 

Cook, S. J., Officer in Charge, Re- 
search Plans & Publications, Nat’l. 
Research Council, Ottawa, Ontario, 
Canada 

Corcoran, J. D., Comm. of Works, 
Township of East York, 443 Sam- 
mon Ave., Toronto 6, Ontario, Ca- 
nada 

Coulson, C. L., City Engr., 53 Maple 
Ave., Welland, Ontario, Canada 

Cousineau, A., Dir., City Planning 
Dept., City Hall, Montreal, Quebec, 
Canada 

Crawford, D. E., Town Engr., Leaside, 
Ontario, Canada 

Cyr, Rene, Asst. Chief Engr., Ministry 
of Health, 89 E. Notre Dame St., 
Montreal, Quebec, Canada 

Daly, James A., Managing Editor, 
Engineering & Contract Record, 
347 Adelaide St. W., Toronto 2, 
Ontario, Canada 

Darling, E. H., Cons. Engr., 513 
Pigott Bldg., Hamilton, Ontario, 
Canada 

Delaporte, A. W., Chem. Engineer- 
in-Charge, Experimental Station, 
Ontario Dept. of Health, 807 Rich- 
mond St. W., Toronto 3, Ontario, 
Canada 

Deslauriers, Alfred Joseph, City Engr. 
& Water Works Supt., City Hall, 1 
Eighteenth Ave., Lachine, Quebec, 
Canada 

Desmarais, R. J., City Engr., 451 
Park St. W., Windsor, Ontario, 
Canada 

Dufresne, Paul Ed., C.E., QO.L.S., 
City Engr., City "Hall, Radisson 
St., Trois Rivieres, Quebec, Ca- 
nada 

Duncan, J. G., Asst. Chem., Ontario 
Dept. of Health, R. R. No. 2, West 
Hill, Ontario, Canada 

Durrant, W. K. F., Chief Opr., Sew. 
Disp. Works, P. O. Box 43, Moose 
Jaw, Saskatchewan, Canada 


Edgecombe, G. H., Sup. Engr., Dept. 
of Nat'l. Health & Welfare, 227 
Daly Bldg. Annex, Ottawa, On- 
tario, Canada 

Edmonds, W. R., San. Engr., Dist No. 
4, Dept. Nat'l. Health & Welfare, 
221 Daly Bldg. Annex, Ottawa, 
Ontario, Canada 

English, Leslie B., B.Sc., C.E., Engr., 
Bureau of Industrial Hygiene, Dept. 
of Health & Public Welfare, 320 
Sherbrook St., Winnipeg, Manitoba, 
Canada 

Erwin, R. Blake, Cons. Engr., Box 71, 
Niagara Falls, Ontario, Canada 

Falls, O. M., Comm. of Works, York 
Twp., 40 * Jarvis St., Toronto 1, 
Ontario, Canada 

Ferguson, G. H., Chief Engr., Dept. 
of Pensions & National Health, 325 
Daly Bldg. Annex, Ottawa, On- 
tario, Canada 

Flook, S. E., City Engr., Port Arthur, 
Ontario, Canada 

Fraser, Charles E., Fraser Brace 
Engineering Co., Inc., 10 E. 40th 
St., New York, N. Y. 

French R. Del., Prof. of Highway & 
Municipal Engr., McGill Univer- 
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Galimbert G. M., Sr. San. Engr., On- 
tario Dept. of Health, 117 Everden 
Rd., Toronto, Ontario, Canada 

Garrett, R. W., City Engr., City Hall, 
London, Ontario, Canada 

Gass, George M., Sales Mgr., Nat'l. 
Iron Corp., Ltd., 324 Cherry St., 
Toronto, Ontario, Canada 

Gibbons, E. V., Chief Chem., Sternson 
Laboratories, Brantford, Ontario, 
Canada 

Gibeau, H. A., Asst. Chief City Engr., 
5618 Phillips Ave., Montreal, Que- 
bec, Canada 

Goodwin, S. E., + sage _ Mgr., 
Chas. W; arnock & Co., » Harbor 
Comm. Bldg., aatorgg “Ontari 0, 
Canada 

Gray, William, San. Insp., Board of 
Health, York Twp., Keele and 
Elora Rd., Toronto, Ontario, Ca- 
nada 

Grimmer, A. K., Town Dept. Engr. 
Canadian International Paper Co., 
Temiskaming, Quebec, Canada 

Gurton, William S., Managing Dir., 
Dominion Truck Equipment Co. 
Ltd., Kitchener, Ontario, Canada 

Hadley, Henry, City Engr., City Hall, 
Verdun, Quebec, Canada 

Hagey, C. R., Prof. Engr., Box 134, 
Fort Erie, Ontario, Canada 

Haimes, James, City Engr.. City 
Hall, Lethbridge, Alberta, Canada 

Hall, W. N., Development Mgr., 
Alkali Div., Canadian Industries 
Ltd., P. O. Box 10, Montreal, Que- 
bec, Canada 

Hallgren, R. A., Water Works Supt., 
Crystal Beach, Ontario, Canada 


Hamilton, G. M., igs aye Water 
Supply & Sew. Disp. «» No. 1 Train- 
ing Command, RCAF, 1050 Main 


St. W., Hamilton, Ontario, Canada 

Hankin & Company, Ltd., Francis, 
2028 Union Ave., Montreal, Quebec, 
Canada 

Hansford, A. E., Chief Opr., Sew. 
Disp. Plant, 70 Argyle St., Strat- 
ford, Ontario, Canada 

Hawtrey, R. O., Asst. Engr. & Road 
Supt., York Twp., 40 Jarvis St., 
Toronto, Ontario, Canada 

Hoey, A. C., Sewer & Water Works 
Engr., Nepean Twp., 345 Richmond 
Rd., Ottawa, Ontario, Canada 

Howard, N. J., Dir., Water Purif. 
Plant, Victoria Park Filtration 
Plant, Queen St. E. and Nursewood 
Rd., Toronto 2, Ontario, Canada 

Howe, J. P., Town Engr., Pembroke, 
Ontario, Canada 

Hubel, J. H., Chem. Engr., Develop- 
ment Dept., Canadian Industries, 
Ltd., P. O. Box 10, Montreal, Que- 
bec, Canada 

Huether, A. D., Town Engr., Victoria 
Bldg., Brockville, Ontario, Canada 

Hurst, W. D., City Engr., 223 James 
Ave., Wi innipeg, Manitoba, Canada 

— A. S., Town Clerk, St. Stephen, 

, Canada 

jack, ytorey City Engr., Kingston, 
Ontario, Canada 

Jack, Grant R., City Engr., St. Johns, 
Newfoundland, Canada 

Johnson, Fred D.,St. Lawrence Chem- 
ical Co., 55 York St., Toronto, On- 
tario, Canada 

Johnston, E. W., Sr. San. Engr., On- 
tario Dept. of Health, Parliament 
Bldgs., Toronto 2, Ontario, Canada 

Keith, J. Clark, Gen. Mgr., Windsor 

Utilities Commission, 607 Canada 





sity, Montreal, Quebec, Canada 


Bldg., Windsor, Ontario, Canada 
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Ker, M. F., Engr., Stamford Town- 
ship, 2057 Drummond Rd., Niag- 
ira Falls, Ontario, Canada 

Kingston, T. M. S., City Mgr.-Engr., 
Harrison Hall, Chatham, Ontario, 
Canada 

Kinney, J. B., Mgr., Wallace & Tier- 
nan Co., Ltd., 350 Sorauren Ave., 
loronto 3, Ontario, Canada 

Knight, C. H., The Dorr Co., Inc., 80 
Ric -hmond St. W., Toronto 1, On- 
tario, Canada 

Lafreniere, Theo. J., Provincial San. 
Engr., Bureau of Health of Quebec, 
89 EE. Notre Dame, Montreal, Que- 

>, Canada 

Laidlaw, C. T., City 
Ontario, Canada 

Lamb, Charles, Chairman, Board of 
Vorks, 159 Lindsay St. S., Lindsay, 
Ontario, Canada 

Lamson, B. F., City Engr., St. Cath- 
irines, Ontario, Canada 

Langlais, Zachee, Cons. Engr., 105 
Mountain Hill, Quebec City, Que- 
bec, Canada 

Langmuir Paints, Att: Mr. A. Chap- 
man, Oakville, Ontario, Canada 

Lawson, W. S., Chief Engr., Dept. of 


Engr., Sarnia, 


Justice, Confederation Bldgs., Ot- 
tawa, Ontario, Canada 

Lea, W. S., Cons. Engr., 1226 Uni- 
versity St., Montreal, Quebec, 


Canada 

Leatherland, C. F., Village Clerk, 
Acton, Ontario, Canada 

Lee, J. Douglas, Dept. of Civil Engr., 
Queen's U niversity, Kingston, On- 
tario, Canada 

Lemieux, R. A., City Mgr. & Engr., 
219A Davis, Arvida, Quebec, Can- 
ida 

Ley Charles H., Sales Engr., Domin- 


ion Wheel & Foundries Ltd., 171 
Eastern Ave., Toronto 2, Ontario, 
Canada 


Lloyd, G. H., Canadian Locomotive 
Co., 610 Federal Bldg., Toronto, 
Ontario, Canada 

McArthur, Franklin, Township Engr., 
Etobicoke Township, Etobicoke 
lownship Hall, Islington, Ontario, 
Canada 

McCannel, D. A. R., City Engr., 
Hall, Regina, Saskatchewan, 
ada 

McCoombs, John A., Supt., 
Works & Water Works, 
Ontario, Canada 

McDonald, N. G., Cons. Engr., 1130 
Bay St., Toronto 5, Ontario, Can- 
ada 

McFaul, W. L., City Engr., Hamilton, 
Ontario, Canada 

McHugh, C. J., Clerk, Town Hall, 
Riverside, Ontario, Canada 

McKay, R. Donald, San. Engr., Dept. 


City 
Can- 


Public 
Kenora, 


of Public Health, Halifax, Nova 
Scotia, Canada 

McKay, W. G., San. Engr., Dept. of 
Pensions & Nat'l. Health, 302 


Williamson Bldg., Al- 
berta, Canada 

McLean, D. L., Supt., Greater Winni- 
peg Sanitary Dist., 185 King St., 
Winnipeg, Manitoba, C Canada 


McManamna, T.L., Pres. of Interna- 
tional Water Supply Co., 373 Wort- 
ley Rd., London, Ontario, Canada 

McMullen. W. B., City Engr., 311 
Ash St., Sudbury, Ontario, Canada 

McNiece, L. G., Town Engr., Orillia, 
Ontario, Canada 

McNiven, R., Town Clerk, Ingersoll, 

Ontario, Canada 


Edmonton, 
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McWilliams, D. B., Mfg., Dresser 
Mfg. Co. Ltd., 60 Front St. W., 
Toronto, Ontario, Canada 

MacKinnon, Ronald M., Comm. of 
Works, City Hall, Halifax, Nova 
Scotia, Canada 

MacLaren, J. F., Cons. Engr., 1130 
Bay St., Toronto 5, Ontario, Can- 
ada 

MacLean, J. D., Town Engr., Box 
433, Timmins, Ontario, Canada 

MacLean, William D., Chem. Engr., 
Associated Chemical Co. of Canada 
td., 14 Darrel Ave., Toronto, On- 
tario, Canada 

MacNicol, N., Comm. of Works, 
Forest Hill, Ontario, Canada 

Magwood, W. H., City Engr., 
wall, Ontario, Canada 

Manning, Paul, Chairman, Board of 
Works, 178 ‘Main St., Port Dal- 
housie, Ontario, Canada 

Manock, W. R., Horton Steel Works 
Ltd., Jennet St., Fort Erie, Ontario, 
Canada 

Marshall, W. W., Supt. 
Orangeville, Ontario, Canada 

Mason, E. R., Fit/Sgt., RCAF, 140 
Roslin Ave., Toronto 12, Ontario, 
Canada 

Medland, C.R., Pres., Mumford Med- 
land, Ltd., 576 Wall St., Winnipeg, 
Manitoba, Canada 

Menzies, D. B., Prov. San. Engr., 218 
Administration Bldg., Edmonton, 
Alberta, Canada 

Menzies, J. Ross, Dist. Engr., Dept. 
of Nat'l. Health, Room 201, 379 
Common St., Montreal, Quebec, 
Canada 

Merlo, Louis A., Jr., c/o Sterling Con- 
struction Co., Windsor, Ontario, 
Canada 

Merrill, Joseph, Town Foreman, 11 
Windall Ave., Weston, Toronto 15, 
Ontario, Canada 

Miller, Olly G., City Engr., 774 Sim- 
coe St. S., Oshawa, Ontario, Can- 


Corn- 


of Sewers, 


ada 

Miller, W. C., City Engr., St. Thomas, 
Ontario, Canada 

Mills, W. Stuart, Municipal Sales, 
Peacock Bros. Ltd., Box 214, Au- 
rora, Ontario, Canada 

Montreal, City of, Public Works 
Dept., Hydro-Electric Div., City 
Hall, Montreal, Quebec, Canada 

Morgan, George, Gen. Mgr., Victaulic 
Co. of Canada, 200 Bay St., Toronto 
1, Ontario, Canada 


Morin, A., Town Engr., 407 Blvd. 
Melancon, St. Jerome, Quebec, 
Canada 


Mott, C. A., City 
Ontario, Canada 

Munroe, E. H., Supt., Disp. Plant, 
York Township, 18 Normanna Ave., 
Toronto 10, Ontario, Canada 

Musgrave, A. S. G., Mun. 
Municipal Hall, Oak Bay, C. 

Nason, Edward Mck., Asst. City 
Engr., 22 George St., St. Catharines, 
Ontario, Canada 

Necker, C. E., Town Engr., Waterloo, 
Ontario, Canada 

Nickle, A. J., Sales Mgr., Darling 
Brothers Ltd., 140 Prince St., 
Montreal, Quebec, Canada 

Nicklin, H. S., City Engr., City Hall, 
Guelph, Ontario, Canada 

Oke, Ernest E. W., Mgr. & Engr., 
Public Utilities Commission, Coch- 
rane, Ontario, Canada 

Onions, ppt a Engr. & Branch 

Mgr., Laurie & Lamb, 284 King St. 

W., Toronto, Ontario, Canada 


Engr., Belleville, 


Engr., 
Cc. 
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Orr, Wm. S., City Clerk & Engr., 
City Hall, Niagara Falls, Ontario, 
Canada 

Owen, Mark B., Cons. Engr., Russell 
B. Moore Co., 1456 N. Delaware 
5t., Indianapolis 2, Indiana 

Parsons, R. H., City Engr., 133 Sim- 
coe St., Peterborough, Ontario, 
Canada 

Pelz, Wm. J., Major, Preston, On- 
tario, Canada 

Pequegnat, Robt. K., Dist. Engr., 
Dept. of P. & N. Health, P. O. Box 
605, Halifax, Nova Scotia, Canada 

Perry, A. H., Dist. Engr., Dept. of P. 
& N. Health, Box 1012, Vancouver, 
British Columbia, Canada 

Phelps, Geo., Engr. of Sewers, Dept. 
of Works, Cc ity Hall, Toronto, On- 
tario, Canada 

Philips, H. S., Cons. Engr., 35 Inver- 
ness Ave. W., Hamilton, Ontario, 
Canada 

Porter, Thomas H., San. & Civil Engr., 
Box 38, Portage la Prairie, Mani- 
toba, Canada 

Powell, G. G., Comm. of Works, City 
Hall, Toronto 2, Ontario, Canada 

Powell, J. G., Cons. Engr., Gore & 
Storrie, 1130 Bay St., Toronto 5, 
Ontario, Canada 

Pringle, H. L., Mgr., Public Utilities 
Commission, Whitby, Ontario, Can- 
ada 

Randall, W. T., Neptune Meters Ltd., 
Lakeshore Rd., Long Branch, On- 
tario, Canada 

Rawson, E. Otto, Town Engr., 
Ontario, Canada 

Read, Jack E., Rd. Supt., Township 
of ‘Grantham, R. R. No. 2, St. 
Catharines, Ontario, Canada 

Redfern, W. B., Cons. Engr., Excelsior 
Life Bldg., 36 Toronto St., Toronto 
1, Ontario, Canada 

Reid, G. Graham, Cons. 
Avenue Road, Toronto, 
Canada 

Richards, G. H., City Engr., Brant- 
ford, Ontario, Canada 

Riehl, W. H., City Engr., City Hall, 
Stratford, Ontario, Canada 

Roberton, L. F., Sew. Disp. Engr., 565 
William St., London, Ontario, Can- 
ada 

Roberts, E. F., Sec.-Treas., Grand 
River C conservation Comm., Box 
720, Brantford, Ontario, Canada 

Robinson, B., Dist. Mgr., Hardinge 
Ces Ines Room 305, 200 Bay St., 
Toronto, Ontario, Canada 

Robinson, G. G., Pres., Concrete Pipe 
Ltd., 402 Harbor Comm. Bldg., 
Toronto, Ontario, Canada 

Robinson, I. F., Contractor for Re- 
moval of Sludge, 28 Langarth St., 
London, Ontario, Canada 


Rogers, M. W., Mgr. Public Utilities 


Barrie, 


Engr., 264 
Ontario, 


Comm., Carleton Place, Ontario, 
Canada 

Rolfson, Orville, Cons. Engr., 607-608 
Bartlet Building, Windsor, On- 


tario, Canada 

Rumble, G. B., R. R. No. 1, 
Ontario, Canada 

Ruscica, Samuel, Gen. Mgr., 
Bros., 26 Industrial St., 
Ontario, Canada 

Russell, J. P., Asst. Ed., ‘‘Canadian 
Engineer,’ 341 Church St., Toronto 
2, Ontario, Canada 

Scheak, H. M., Chem., N. Toronto 
Sew. Plant, 75 Rosedale Heights, 

Toronto 5, Ontario, Canada 


Atherley, 


Ruscica 
Leaside, 
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Schroeder, G. W., Sales Mear., Vic- 
taulic Co. of Canada, Ltd., 200 Bay 
St., Toronto, Ontario, Canada. 


Scott, W. M., Chairman of Comm., 
Greater Winnipeg San. Dist., 185 
King St., Winnipeg, Manitoba, 
Canada 

Sharp, G. W., Sec.-Treas., Carroll- 
Sharp Construction Ltd., 43 Scott 
St., Toronto, Ontario, Canada 

a, Howard R., Asst. Sales Megr., 

Nat’l. Sewer Pipe Co., 320 Bay St., 
Toronto, Ontario, Canada 

Shupe, S., City Engr., City 
Kitchener, Ontario, Canada 

Simmonds, I. G., Asst. Chem. Engr., 
Ontario Dept. of Health, 807 Rich- 
mond St. W., Toronto 3, Ontario, 
Canada 

Smith, E. E., City Engr., City Hall, 
Sault Ste. Marie, Ontario, Canada 

Smith, F. L., Works Supt., 14 Thomas 
St., Merritton, Ontario, Canada 

Smith, W. T. E., Sales Engr., United 
Steel Corp., Ltd., 
Toronto 9, Ontario, Canada 

Sneath, Roy G., Civil & Mun. Engr., 
Meadows, Critoph & Misener, 62 
Richmond St. W., Toronto, On 
tario, Canada 

Stalker, W. D., Mgr., Public Utilities 
Comm., Simcoe, Ontario, Canada 


Stewart, Earl, Plant Chem., 1315 
McTavish St., Regina, Saskatche- 
wan, Canada 

Stewart, F. C., 


Hall, 


Cons. Engr., 1007 | 


Dominion Bank Bldg., Vancouver, | 


British Columbia, Canada 


Storrie, Wm., Cons. Engr., 1130 Bay 
St., Toronto 5, Ontario, Canada 


58 Pelham Ave., | 
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Strickland, G. H., Supt. of Filtration, 
607 Canada Bldg., Windsor, On- 
tario, Canada 

Sturegon, R. G., Town Engr., Port 
Elgin, Ontario, Canada 

Sutcliffe, H. W., Sutcliffe Co., Ltd., 
New Liskeard. Ontario, Canada 

Ternent, Andrew, Comm. of Works, 83 
De Forest Rd., Swansea, Ontario, 
Canada 

Thomas, A. H. R., Supt. Public Utili- 
ties Comm., 874 Lake Shore Rd., 
New Toronto, Ontario, Canada 

Thomas, E. C., San. Engr., Public 
Health & Welfare Dept., City Hall, 
Halifax, Nova Scotia, Canada 

Tyler, H. G., San. Ins., Ontario Dept. 
of Health, Parliament Bidgs., Tor- 
onto 2, Ontario, Canada 

Underwood, J. E., Cons. Engr., 502 
Grain Bldg., Saskatoon, Saskatche- 
wan, Canada 

Ure, Douglas G., 

| Queen St., 
Canada 

Veitch, Wm. M., City Engr., 
Hall, London, Ontario, Canada 

Venables, W. M., The School of 
Hygiene, University of Toronto, 
Toronto, Ontario, Canada 

Vincent, G. G., Technical 
Canadian Industries Ltd., 


: Cons. Engr., 24 
St. Catharines, Ontario, 


City 





Service, 


| House, 


P, O. Box 10, Montreal, Quebec, 
Canada 
| Waddell, W. H., City Engr., Owen 


Sound, Ontario, Canada 
| Walters, F. Y., Gen. Sales Mgr., John 
| Inglis Co., Ltd., 14 Strachan Ave., 
Toronto 1, Ontario, Canada 
Watmough, W. W., Supt. Chem., 
| Depew Disp. Plant, 118 Balmoral 
Ave. S., Hamilton, Ontario, Canada 
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bab me E. D., Mgr., Public Utilities 
Comm., Petrolia, Ontario, Canada 

Webber, R. H., Brown Engineering 
Co., 15 ‘Alcorn Ave., Toronto 5, 
Ontario, Canada 

Weir, H. McLean, Asst. 
City Engrg. Dept., 
katchewan, Canada 

Wilkes, F. Dean, Mgr., Contro! & 
Metering Ltd., 454 King St. W., 
Toronto 1, Ontario, Canada 

Williams, J. T., Adv. Megr., “Engi 
neering & Cont. Record,”’ 347 Ade 
laide St., W., Toronto 2B, Onta: 
Canada 

Wilson, Alex, Sales Megr., 
Softeners, Ltd., 
Canada 

Wilson, N. Bruce, Pres., British | 

| uid Meter Co. & Automatic Clutch 

| Corp. of Canada, 388 Yonge St. 
Toronto, Ontario, Canada 

Wilson, William B., Works and Bldgs 
Engr., 31S.F.T.S., Annandale Apts 
Sydenham St., Kingston, Ontario, 
Canada 

Wilson, W. G., Mgr., Canada Vitrified 
Products Ltd., St. Thomas, On- 
tario, Canada 

Wood, J. R., Asst. City Engr., Cit 
Hall, Calgary, Alberta, Canada 

Woodhouse, Herbert M., Acting City 
Engr., City Hall, Fort William, 
Ontario, Canada 

Woods, W. G., Town Clerk, Hespeler, 
Ontario, Canada 

Woolidge, H. V., Wallace and Tiernan 
Ltd., 350 Sorauren Ave., Toronto 
Ontario, Canada 

Yaeck, Arthur W., 104 Margaret St 
Apt. 4, Kitchener, Ontario, Canada 


City Eng: 
Saskatoon, Sas 


Pumps and 
London, Ontario, 





Central States Sewage Works Association 


Mr. John C. Mackin, Secretary-Treasurer, c/o Nine Springs Sewage Treatment Plant, 


Abplanalp, C. C., Wallace & Tiernan | 


Co., 1229 W. 
Chicago 7, IIl. 
Adams, Chas. L., Major, Sn.C., 202 
Elks Bldg., Joliet, Ill. 
Adams, Clarence D., 
Supt. & Cons. Chem. 
Box 307, New Albany, 


Washington Blvd., 


Water Plant 
Engr., 
Ind. 


Adams, Frank, Opr., 2100 S. J St., | 


Elwood, Ind. 

Adams, George R., Supt., 
Dearborn St., Indianapolis, Ind. 
Alikonis, J. J., Chem., Bloomington 
& Normal San. Dist., Blooming- 

ton, Ill. 


Alk, Lewis C., Civil Engr., c/o J. B. | 


Clow & Son, 6124 N. 
Chicago 45, Ill. 


Anderson, Geo. H., Cons. 
Annex Bldg., Herrin, Ill. 


Anderson, Norval E., Engr. of Tr. 
Plant Design, San. Dist. of Chicago, 
910 S. Michigan Ave., Chicago 5, II. 

Anderson, Raymond E., Anal. Chem., 
Abbot Lab., North Chicago, 801 
Massena Ave., Waukegan, III. 


Anderson, Sam, Viroqua, Wis. 


Washtenaw, 


Engr., 


Antl, John C., 1141 8th Ave., S. St. 
Paul, Minn. 
Arbogast, Joseph, Opr., 117 N. Ells- 


worth St., Naperville, Ill. 
Ashdown, W.L., Supt., P.O. Box 158, 


P. @, | 


2802 N.| 


Route No. 4, Madison 5, Wis. 


Babbitt, H. E., San. 
neering Hall, 
Urbana, III. 

| Backmeyer, David, Supt., 

| Fourth St., Marion, Ind. 

Baer, Arlie, Supt., Mun. Water Dept., 

Lawrenceburg, Ind. 

| Baetz, C. O., 1103 N. Appleton St., 

Appleton, Wi is. 

| Baillie, E. P., ist Lt., 412 W. Missis- 

sippi, Ruston, La. 

| Banister, A. W., Cons. Engr., Banister 

Engr. Co., 490 N. Snelling Ave., 
| St. Paul 4, Minn. 

| Barnett, G. R., Opr.-Chem., 519 Com- 
mercial Bank Bldg., Peoria, III. 

Bartsch, A. F., Biol., Rm. 453, State 
Office Bldg., 2127 Univ ersity, Madi- 
son 5, Wis. 

Bartz, Erwin A., 2806 West St., 
Rivers, Wis. 

Baxter, R. R., Supt., Sew. Tr. Wks., 
204 W. 10th St., Anderson, Ind. 
Baylis, John R., Phy. Chem., 1643 E. 

86th St., Chicago 17, III. 

Beard, Arthur H., Jr., San. Engr., 756 
N. Arlington Ave., Indianapolis 1, 
Ind. 

Beatty, E. J., Capt., 0-528137, 
AAF Base Unit, Sqn. H., 
Field, Fla. 

Beaudoin, Robert E., Opr. 


204 Engi- 
Illinois, 


Engr., 
Univ. of 


1520 W. 


Two 


326 
MacDill 


Chem., 





Chicago Heights, Ill. 





Bedker, Oscar, Supt., Sewage Tr 
Plant, 154 Prospect Ave., Beave: 
Dam, Wis. 

Beck, A. J., Chem., 215 Southcote Rd. 
Riverside, Ill. 

Becker, C. H., Mech. Engr., c/o 

| Greeley & Hansen, 6 N. Michigan 

| Ave., Chicago 2, Ill. 

| Beckman, Leroy J., Field 
Wallace & Tiernan Co., Inc., 
Stewart Ave., Lombard, III. 

Belaskas, A. J., San. Engr., Industria! 
San. Engineering, 723 W. Chicago 
Ave., East Chicago, Ind. 

Bender, Dwight O., Chem., 932 N 

| Hawthorne Lane, Indianapolis, Ind 

| Bergman, O. O., City Engr., 522 

Jefferson Ave., Sparta, Wis. 

| Bernauer, Geo. F., San. Engr., 
Chapman St., Madison 5, Wis. 

Berntsen, Bertel, Opr., Sewage Plant 
204 N. Division St., Stoughton, Wis. 

Berry, Geo. A., Opr., R. R. 2, Box 
440, Indianapolis, Ind. 

Bers, G. D., Pres., Chicago Pump Co., 
2336 Wolfram St., Chicago 13, Ill. 

Besozzi, Leo, Cons. Engr., 314 Ham- 
mond Bldg., Hammond, Ind. 

Bevington, Warren C., Pres., Beving 
ton, Taggart & Fowler, Engrs., 730 
K. of P. Bldg., Indianapolis, Ind. 


Engr., 
107 
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3424 Arden, Hollywood, Ill. 


— L.I., P. O. Box 75, Glencoe, 
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Birkeness, O. T., 1229 W. Washington 
Blvd., Chicago 7, Ill. 

Bjelajac, Vaso, Capt., Sn.C., 0-475593, 
AAF Regional Station Hospital, 
San. Dept., Brookley Field, Ala. 

Black, Hayse H., Capt., Corps of 
Engrs., The ndaner Board, Ft. 
Belvoir, Va. 

Black & Veatch, 4706 Broadway Bldg., 
Kansas City, Mo 

Bloodgood, Donald E., Supt., Civil 
Engineering Bldg., Purdue Univer- 
sity, Lafayette, Ind. 

—— Enos E., Supt. 

., Oblong, Ill. 
poems, Marvin, Cons. Engr., Rt. 

No. 2, Forrest Home Drive, Ithaca, 
s £ 


of Sewage 


N. 
Bogost, Meyer S., Capt., Surgeon's 
Section, AAFRS ’No. 1 Convention 
Hall, Atlantic City, N. J 
Boles, John, Opr., Sewage Tr. Plant, 
1321 W. Second St., Marion, Ind. 
Boley, Arthur L., Asst. City Engr., 
Sheboygan, Wis. 
Doechante J. A., Asst. San. Engr., 215 
_ Courthouse, Portland, Ore. 
mi Herbert M., Lt. Col., c/o Mrs. 
Herbert Bosch, Pilot Grove, Mo. 
Bradney, Leland, Engineer's Office, 
Sioux Falls, S ak. 
Bragg, Robert E., Opr., 5859 N. New 
Jersey St., Indianapolis, In 
Braggstad, R. E., City aber. City 
Hall, Sioux Falls, S. Dak. 
Breasley, A. A., Cons. San. Engr., 940 
S. Poplar St., Kankakee, III. 
Brody, James, Opr., 417 Melrose Ave., 
Glen Ellyn, Il. 
i L., Supt., 
, Osgood, Ind. 
Brower, James, Supt., 
, Milwaukee, Wis. 
nadie Paul L., Chem., 1229 Swin- 
ney Ave., Fort Wayne, Ind. 
Buck, Ross J., Chief Engr., 308 E. 
Main Cross St., Edinburg, Ind. 
— Arnold W., Supt., 1315 11th 
st., Menomonie, Wis. 
H., Capt., Corps of 
Tudor St., Apt. B., 


313 N. Maple 


3021 N. 36th 


sian a5 
Engrs., 101 
Pineville, La. 

Burrin, Thomas J., Supt., 206 W. 
Washington St., Lebanon, Ind. 

Burt, G. L., ist Lt., 0-928993, Sqd. M., 
120th h ‘Al AF Base Unit, March 
Field, Calif. 

Burton, L. E., 
Vernon, IIl. 

Bushee, Ralph J., San. Engr., 220 
West LaSalle St., South Bend, Ind. 

Caldwell, H. L., Cons. Engr., 803 W. 
College Ave., Jacksonville, Ill. 

Callen, Loy A., Capt., _— Medi- 
cal Inspector, Hq. Sp. Trs., Adv. 
Ech., GHQ, AFPAC, APO 500, 
c/o Postmaster, San 
Calif. 

Callon, Harry A., Chief Engr., Mus- 
— State School, Butlerville, 
In 

Calvert, C. K., Supt., Box 855, Indian- 
apolis, In 

Campbell, M. S. A., Bact., Indiana 
State Board of Health, 1098 W. 
Michigan St., Indianapolis 7, Ind. 

Capraro, Paul E., Supt., c/o Sanitary 
Dept., Two Rivers, Wis. 

Cardwell, Edw. C., Assoc. San. Engr., 
1523 Spaight St., Madison 4, Wis. 
Carey, Wm. N., Col., Secy. ASCE, 33 
West 39th St., New York, N. Y. 


Sewerage Supt., Mt. 


Francisco, 





MEMBERSHIP OF MEMBER ASSOCIATIONS 


Carlson, Paul R., Chem., 411 S. Chi- 
cago Ave., Rockford, III. 

Carpenter, Carl B., Engr. & Supt., 
San. Distr. of Hammond, 5135 
Columbia Ave., Hammond, Ind. 

Carson, R. G., 4603 Bruce Ave., 
Minneapolis 10, Minn. 

Carter, Earl, Supt., P. O. Box 543, 
Henning, Minn. 

Caster, Arthur, San. Engr., 488 Mea- 
doway Park, Worthington, Ohio 
Church, Dean F., Supt., Water & 
Sewage Plants, 513 Second Ave. S., 

St. James, Minn. 

Clark, Arthur T., Sec., Water & Sew- 
age Works Mfgrs. Assn., 170 Broad- 
way, Corner of Maiden Lane— 
Rm. 308, New York 7, N. Y. 

Clark, Kenneth M., Comdr., (CEC) 
USNR, 5220 Drew Ave. S., Minne- 
apolis 10, Minn. 

Clarke, Samuel M., Cons. Engr., 6 N. 
Michigan Ave., Chicago 2, Ill. * 
Clem, Curtis B., 2242 Broadway, 

Anderson, Ind. 

Clinton, Merritt O., Pres., McMahon 
Engineering Co., * Menasha, Wis. 
Clore, L. B., City Hall, Crawfords- 

ville, Ind. 

Cole, Chas. W., Cons. Engr., 220 W. 
LaSalle Ave., South Bend, Ind. 

Condrey, Lawrence M., Prof. Engr., 
3436 N. Temple Ave., Indianapolis, 
Ind. 

Consoer, Arthur W., Cons. Engr., 211 
W. Wacker Drive, Chicago 6, IIl. 

Cornell, R. M., Instr., Civil Engr. 


Dept., Univ. of Minnesota, Mirine- 


apolis, Minn. 


Cornilson, C. K., Opr., 
Proving Ground, III. 


P. O. Box 69, 


Corpstein, Oswald, Supt., Sewage | 
Plant, 102 E. Main St., Mascoutah, | 
Ill. 

Corrington, C. E., Supt., Sewage 


Tr. Plant, 603 W. South Street, 
Clinton, Ill. 

Couch, L. I., Civil Engr., R.R.4, Box 
771, Indianapolis 44, Ind. 

Covert, Henry Rew, Supt., Sewage 
Tr. Plant, 3410 10th St., Gulfport, 
Miss. 

Cox, Clifford B., Engr., 4241 Ravens- 
wood, Chicago 13, IIl. 

Craig, Clifford, Opr., 310 Humiston 
St., Pontiac, "Ill. 

—— W. H., c/o Sewage Disposal 

» S. St. Paul, Minn. 

Py ‘Reont, Opr., Sewage Tr. 
Plant, P. O. Box 255, Ladoga, Ind. 

Curtis, Clive W., Sewage Plant Opr., 
hi State Hospital, Manteno, 


Daley, Stanley J., Chief Engr., Chi- 
cago San. District, 1515 W. Monroe 
St., Chicago 7, Ill. 

Daniels, Hershel, Asst. Sewage Disp. 
Opr., Sycamore, Ill. 

Davis, D. A., Chief Opr., 210 Morgan 
St., Crawfordsville, Ind. 

Davis,.Frederick E., 245 E. Keefe St., 
Milwaukee, Wis. 

Davis, H. A., Cons. Engr., 303 Com- 
merce Bldg., St. Paul 1, Minn. 

Davison, Russell, Supt., Water & 
Sewerage, Platteville, Wis. 

Dawson, Norman, 104 S. 
Avenue, Oak Park, IIl. 

Day, L. A., 4456 Floriss Place, St. 
Louis, Mo 

DeBerard, W. W., Engr., 402 City 
Hall, Chicago 2, III. 

DeBrun, John W., Jr., 

Engr., Taylorville, Ill. 


Taylor 


Resident 
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—— Walter G., Major, C.E., 
Blue = Ordnance Depot, Rich- 
mond, 
Deckert, Te Opr., 602 S. Sixth 
St., Delavan, Wis. 
DeLeuw, C. E., Cons. Engr., 20 N. 
Wacker Dr., Chicago 6, IIl. 
DePoy, A. G., Opr., 117 Sixth Ave., 
S. St. Paul, Minn. 
Depp, David, Public Health Off., 
= Health Sanitarian, Versailles, 
nd. 
Deuchler, Walter E., Cons. Engr., 63 
S. LaSalle St., Aurora, 
Dick, Robert, Jr., Supt., 267 Columbia 
Ave., Elmhurst, Ill. 
Dietz, J. C., Major, Brooklyn, Wis. 
Diller, Walter W., Chem., 873 W. 
North, Decatur 34, Ill. 
a Bruce S., Dist. San. Engr., 
09 E. Walnut St., Green Bay, Wis. 
isotny L. C., Chem., Waukegan 
Water Works No. II, Waukegan, 
Ill. 


Domogalla, Bernhard, Dr., Biol., City 
Board of Health, 110 N. Hamilton 
St., Madison 3, Wis. 

Downer, Wm. J., Principal San. 
Engr., State Dept. of Public Health, 
Springfield, I 

Doyle, Wm. H., San. Engr., P. O. Box 
270, Wisconsin Rapids, Wis. 


Drake, James A., Capt., Sn.C., Vigo 


Plant, Chemical Warfare Service, 
Terre Haute, Ind. 

Dreier, D. E., Div. of San. Engr., 
State Dept. of Public Health, 


Springfield, Il. 

Dudley, D. E., Mech. Engr., 1909 
Regent St., Madison 3, Wis. 

Dundas, Wm. A., San. Engr., Chi- 
cago San. Dist., 910 S. Michigan 
Ave., Chicago 5, Ill. 

Dunmire, E. H., Cons. Engr., 497 E. 
Rosemary Road, Lake Forest, III. 

Dunseth, R., Engr. Asst., 603 Bryn 
Mawr ’Bivd., Springfield, Ill. 

Dust, Joseph V., 859 E. Losey St., 
Galesburg, Il. 

Duvall, Arndt J., San. Engr., 1391 
Fairmount, St. Paul 5, Minn. 

Ebneter, Walter, Opr., Sewage Plant, 
Bronson Ave., Portage, Wis. 

Egger, Oscar O., 130 E. Ninth St., 
Fond du Lac, Wis. 

Einsele, Robert, Asst. Chem., Ham- 
mond Sew. Tr. Plant, 6531 Monroe 
Ave., Hammond, Ind. 
pler, J. E., Supt., P. O. Box 724, 
Danville, Ill. 

Erickson, Carl V., 809 N. Ridgeland, 
Oak Park, Ill 

Evans, R. W., Opr., Versailles, Ind. 


Everson, R. B., Everson Mfg. Co., 214 
West Hyron St., Chicago 10, Ill. 
Faehrman, Elmer H., Supt., Tr. Plant, 

Hales Corners, Wis. 

Faget, Walter H., Asst. Chief Engr., 
San. Dist. of Chicago, 3147 Wash- 
ington Blvd., Chicago, III. 

Farnsworth, Geo. L., Jr., 230 Christie 
St., Ottawa, III. 

Fassnacht, Geo. G., San. Engr., 366 
Good, Indianapolis 1, Ind. 

Favreau, R. E., San. Engr., State 
Dept. of Public Health, 700 W. 
Main Street, Highland, III. 

Feltz, Fred C., Supt., Sewage Tr. 
Plant, Box 261, West McHenry, 
Ill. 

Ferebee, James L., Chief Engr., P.O. 
Box 2079, Milwaukee, Wis. 
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Figeley, Paul, Supt., 215 Third Ave- 
nue, Rock Falls, Ill. 

Fitzgerald, Edw. P., Supt., 530 Broad- 
way, Wisconsin Dells, Wi is. 

Fischer, Math., Supt., 
St., West Bend, Wis. 

Flatt, Truman L., R.R. No. 5 
Springfield, lll. 

Ford, J. R., Lt., San. Off., Camp 
Atterbury, Ind., 1112 23rd St., 
Columbus, Ind. 

Fore, Clifford, Supt., Water & Sewage 


, Box 154, 


Tr. Plant, 800 S. Wall St., Carbon- 
dale, Ill. | 
Forrest, Thos. H., San. Engr., 7758 


N. Eastlake Terrace, Chicago 26, 

Ill. 

Fortman, John A., Supt., Wheaton 
San. Dist., 223 N. Morgan Ave., | 
Wheaton, Ill. 

Foster, Chas., Cons. Engr., 316 Medi- | 
cal Arts Bldg., Duluth, Minn. 

Foth, Herbert S., Cons. Engr., 225 
Columbus Bldg., Green Bay, Wis. 


Frazier, Ernest, Supt., Sewage Tr. | 
Plant, Court House, Greenfield, 
Ind. 


Frazier, R. W., Supt. Sewage Plant, 
City Hall, Sewerage Commission, 
Oshkosh, Wis. 

Frazier, W. H., Supt., 3601 N. Me- 
ridian, Indianapolis, Ind. | 

Frederech, Hoyt A., Asst. San. Engr., 
P. O. Box 212, Herrin, Ill. 

Freeland, B. H., Supt. of 
Bluffton, Ind. 


Freeman, L. H., Sewage Works Opr. 


Utilities, | 


& Supt., 11 N. Fifth St., Geneva, 
Ill. | 
Fretcher, Karl W., Supt., Sewage | 


Tr. Plant, P. O. Box 266, Winona 
Lake, Ind. | 
Fulmer, Frank E., Capt., R.F.D. No. 
2, Mishawaha, Ind. 
Gail, A. L., Supt., North Shore Sani- 
tary Dist., 1015 St. Johns Ave., 
Highland Park, III. 
Gelston, W. R., Supt., 
St., Quincy, Ill. 


415 Hampshire | 


Gerard, F. A., Asst. Civil Engr., 242 
Columbia Ave., Park Ridge, III. 
Getz, Murray A., Dist. San. Engr., 111 

Dean St., Woodstock, III. 

Giesey, Div. Engr., 2243 
Scottwood Ave., Toledo 10, Ohio 
Gifford, J. B., Chem., Sewage Dis- 

posal Plant, 1125 Maple St., 
Michigan City, Ind. 
Gmeiner, Frank, Neenah-Menasha 


Sewerage Comm., Menasha, Wis. 
Gohde, Charles H., Capt., 0-517033, 
Station Hospital, Columbus A.A.F. 

Columbus, Miss. 
Goodman, Arnold H., Supt., 
Downing Rd., Riverside, III. 





Gordon, Arthur, Engr., 1430 Howard H 


St., Chicago 26, Ill. 


Gordon, Charles W., Chief Engr., 
Drying & (Incineration Dept., 
Combustion Engr. Co., Inc., Ray- 
mond Pulverizer Div., 1319 N. 
Branch St., Chicago 22, III. 

Gothard, N. J., Asst. Chief Chem., 
Sinclair Refining Co., E. Chicago, 
Ind. 

Grabbe Construction Co., H. A., 500 
Belle St., Alton, Il. 

Grabbert, Gilsey R., Analyst, Nine 
Springs Tr. Works, 2409 Norwood 
Place, Madison 5, Wis. 


1007 Bell 





Graden, Paul W., Supt., 
Place, Hillsboro, Ill. 





114 S. Seventh 


Gross, Carl D., 
Grosshans, Edward W., 


St., Baraboo, Wis. 
| Gunther, G. A., Dist. Megr., Chain 
Belt Co., 20 N. Wacker Drive, 


| Haag, Gerald, Plant Opr., 


363 | Hartung, N. E., Opr., 627 Seminary 


Hatfield, W. D., Dr., 
Hattery, Chas. 
Hay, T. T., Supt., 


Heider, Robert W., 


Heim, Mitzi S., Chem., 
Heiple, Loren R., I 


Heisig, Henry M., Research Chem., 
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Grantham, G. R., Capt., Sn.C., AUS, 
0-515884, Box 1857, Portland, 
Mich 

| | Graves, Carl T., Supt., Detroit Lakes, 
Minn. 

| Greeley, Samuel A., Cons. Engr., 6 N. 
Michigan Ave., Chicago 2. Ill. 

‘ing Roy F., Opr., Sewage Tr. 

| Plant, City Hall, OF Tenth Street, 

| Bemidji, Minn. 

| Gregory, Tom, Sewage Works Opr., 
City Hall, Salem, Ill. 

—, Charles R., Asst. Chem. Sew. 

Tr W ks., 2418 *Eastbrook Drive, 

Fort Wayne 3, Wis. 

Engr., 


State Dept. of 
Springfield, Ill. 


Health, 
1011 Water 


Chicago 6, Ill. 

c/o Walter 

E. Kroening, Village Mgr., Green- 
dale, Wis. 

| Hager, Fred, Opr., 
Barrington, III. 

| Halff, Albert H., 
Hospit al, Myrtle 


Hale, Franck C., 


123 North Avenue, 


Capt., Station 
Beach, S. C. 
CWO, USA, Aero- 


Med. Lab., Wright Field, Dayton, 
Ohio 

Hall, Geo., L., R.R. 3, Bloomington, 
Ill. 

Hall, Geo. M., Prof. Engr., 3358 N. 


Wis. 
Ave., 


5ist Blvd., Milwaukee, 
Hall, S. P., 128 Graham 
Claire, Wis. 
Halvorson, H. O., 
Millard Hall, Univ. 
Minneapolis, Minn. 


Eau 


Prof., Bact., 215 
of Minnesota, 


Hamilton, L. A., 5445 Xerxes Ave. 
S. , Minneapolis 10, Minn. 
Session, R. C., Bio.-Chem., 316 N. 


Mulberry St., Elizabethtown, Ky: 


| Hammond Board of Sanitary Com- 
missioners, Anne Baciu, Secy., 5135 
Columbia Ave., Hammond, Ind. 


Hanson, Arthur C., Acting City Engr., 
804 


S. Franklin mE: Austin, Minn. 
| Hardman, Thomas T., Cons. Engr., 
Hippodrome Bldg., Terre Haute, 
Ind. 
Harmon, Jacob A., Cons. Engr., 144 
Fredonia, Peoria, III. 
Elroy, 


Harmon, Ray, Tr. Plant Opr., 
Wis. 


Harris, Geo. C., Opr., 127 S. State 
Road, Arlington Heights, III. 

Harris, T. R., Pres., Engineering Serv- 
ice Corp., Decatur Club Building, 
Room 106, Decatur, III. 

Hartman, B. J., Engr., 608 N. 
St., Sheboygan, Wis. 


Eighth 


St., Richland * Center, Wis. 
asfurther, Wm. A., Capt., 
Ada St., Chicago 20, III. 
Supt., 
Ill. 


7723 S. 


249 
Linden, Decatur 45, 
E., Chief 
Peru, Ind. 
21 Street & Grand 
Ave., Racine, Wis. 


Chem., 


19} Ewing St., 


San. Engr., 1098 
W. Michigan Ave. , Indianapolis 7, 
Ind. 

1212 Superior, 
Racine, Wis. 

t.. Sa.C., 
Ill. 


224 W. 


North St., Hinsdale, 
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Heller, Lloyd J., Chief Opr., 19 North 
15th St., Ft. Dodge, Iowa. 

Hendricks, Gerald F., 1371 W. 2 
St., Indianapolis 8, Ind. 

Henn, Donald E., 517 S. 
Street, Dekalb, Ill. 

Hensel, Eugene C., San. Engr., 
W. Main St., Sparta, Wis. 

Hermann, F. X., Asst. Opr., 3152 
40th Ave. S., Minneapolis 6, Minn 

Herrick, T. L., San. Engr., 717 N 
Washington St., Park Ridge, III. 

Herzig, S. B., Supt., Renville, Min: 

Hill, K. V., Cons. Engr., c/o Greeley 
& Hansen, 6 N. Michigan Ave 
Chicago 2, III. 

Hinkamp, Grant M., Rep., c/o In 
dustrial Sales Dept., Allis Chalmers 
Mfg. Co., Milwaukee 1, Wis. 

Hodkinson, C. T., Asst. Opr., 
Grand Ave., St. Paul 5, Minn. 


Fourt! 


1 
18 


3 


908 


Hoganson, Lester O., Major, « 

City Engr., City Hall, Burlington, 
is. 

Holderby, J. M., Capt., Box 498, 
Appleton, Wis. 

Holderman, John S., Opr., 491 N. 
Union St., Kankakee, Il. 

Hollins, C. D., Sales Rep., Royer 
Fdry. & Mach. Co: 1033 W. Loyola 


Ave., Chicago, II. 

Holt, Clayton M., 2400 Oliver Bldg 
Pittsburgh, Pa. 

Hoot, Ralph A., Opr., Sewage 
Works, Ft. Wayne, Ind. 

Hoth, Fred, Opr., Bartlett, Ill. 
Howland, W. E., Assoc. Prof. Civil 
Engrg., Purdue Univ., West Lafay 
ette, Ind. 

Howson, L. R., Cons. Engr., Alvord 
Burdick & Howson, Suite 1401, 20 
N. Wacker Drive, Chicago 6, III. 
Hromada, Frank M., Filtration Plant 


Supt., Box 782, El Reno, Okla. 
Hunt, Henry J., Cons. Engr., 2440 
Commonwealth Ave., Madison 5 


Wis. 

Hunt, L. W., Supt., 

burg, III. 

Hupp, John E., Jr., Opr., 720 Welle: 

Ave., LaPorte, Ind. 

Hurd, Charles H., 

N. Pennsylvania St., 

Ind. 

Hurst, Chas., Opr., Sewage Tr. Plant 

City Hall, Princeton, Ind. 

Hurwitz, Emanuel, Chem., 5013 N 

Francisco Ave., Chicago 25, Ill. 

Hussong, Ernest W., Opr., 

Christy St., Marion, Ind. 

Hutchins, Will A., Supt., 
Ill. 


Box 403, Gales 


Cons. Engr., 333 
Indianapolis, 


520 
Freeport, 


Illinois Dept. of Public Health, Div 
of Sanitary Engrg., Sixth Floor, 
North Wing, State House, Spring 
field, Ill. 

Indiana State Board of Health, Bureau 


of Sanitary Engr., Att.: B. A. Poole, 
Chief Engr. 1098 W. Michigan 
Ave., Indianapolis 7 7, Ind. 

Infilco, Inc., 325 W. 25th Place, Chi 
cago 16, Ill. 

James, Glenn, Supt., Sewage Tr 
Wks., 529 E. Lincoln-Way, Mor 
rison, III. 

Jeup, Bernard H., Chem. Engr., 1098 


W. 
Ind. 
Johnson, Arthur N., Opr., 
Moline, Ill. 

Johnson, Dennis C., Sr. Opr. Engr.. 
Disp., Post Engr’s. Office, Camp 


Michigan St., Indianapolis 7, 


944 24 St., 








Box 2079, Milwaukee, Wis. 


Grant, 1329 Sixth Ave., Rockford, 
hi 
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Johnson, Floyd E., Supt., 471 Barrett, 
Elgin, Ill. 

Johnson, Frank L., Supt., Dept. of 
Sanitation, 657 E. Clinton St., 
Frankfort, Ind. 

Johnson, Gerald F., “ant. Supt., Gary 


Sanitary Dist., Box 388, 
Gary, Ind. 

Johnson, Henry, Opr., Sewage Tr. 
Works, 1735 S. Bell 'St., Kokomo, 
Ind. 


Johnson, Ira, Opr., Water & Light 
Dept., 2509 15th St., Two Rivers, 
W ‘is. 

Johnson, Jess B., 
Manitowoc, Wis. 

Johnson, L. M., Comm. of Streets & 
Electricity, City Hall, Chicago 2, 


Ill. 


Johnson, R. J., ot apt., 


917 N. 17th St., 


1511 McKenzie, 


Ft. Worth 5, 
Johnson W. W., hint: San. Engr., 
Mz idison Metro. Sewerage Dist., 


1252 Beverly Rd., Madison 5, Wis. 


Johnson, William A., Supt., Sewage 
Plant, Warren, III. 
Johnston, David J., Capt., Sn.C., 


San. Engr., U. S. Army, 804 East- 
ern Ave., Indianapolis, Ind. 

Jonas, Milton R., Opr., 5496 Cornell 
Ave., Chicago 15, Ill. 


Jones, Frank O., Civil Eng., Fairmont, 
Minn. 
Jones, oo N., Engr., 3508 Brooklyn 


Ave. Miami Village, Ft. Wayne, 
Ind. 

Jones, Martha A., Miss, Chem., Sew. 
fr. Plant, Richmond, In 

Kaar, G. C., Engr., The Dorr Co. , Inc., 
LaSalle-Wacker Bldg., 211 N 
LaSalle St., Chicago 1, III. 

Kadinger,Fred,Supt., UtilitiesComm., 
City Hall, Juneau, Wis. 

Kafka, John, Supt., Sewage Tr. Plant, 
_& lintonville, Wis. 

Kamp, Ewald A., Mer. San. Div., 
Graver Tank & Mfg. Co., Inc., 
6830 S. Ridgeland Ave., Chicago 
49, 

Kearney, John J., Major, C.E., 3136 
Maple St., Berwyn, III. 

Keller, J., Water Supt., Corydon, Ind. 

Kewer, J. F., Sr., P. O. 152, 
Waukesha, Wis. 

King, Henry R., Civil Engr., 
Asbury Ave., Evanston, III. 
King, Richard, Capt., Sn.C., 1908 

West Huisache St., San Antonio 1, 


Box 


2661 


Tex. 
King, William, or Water Wks. & 
Sew. Wks., 721 Ss Jefferson St., 


Hartford City, Ind. 


Kingsbury, Harold N., Capt., Sn.C., 
38 Signal Hill Blvd., E. St. Louis, 
Ill. 


Kingston, S. P., Public Health Engr., 
Minn. Dept. of Health, City Hall, 
Room 212, Rochester, Minn. 

Kinney, E. F., Sales Engr., 2204 E. 
Kessler St., Indianapolis, Ind. 

Kirchoffer, W. G., San. Engr., 22 N. 
Carroll, Madison 3, Wis. 

Kirn, Matt, Supt., Sewage Tr. Plant, 
Dahringer Road, Waukegan, III. 
Klein, J. A., Supt. of Tr. Plant, 

Sheboygan, Wis. 

Kleiser, Paul J., Cons, Engr., 424 N. 
Second St., Clarksville, Tenn. 

Knechtges, O., Chem., 2222 Hollister, 
Madison 5, Wis. 

Koch, Phillip L., 
burnum Dr., 


Bact., 3423 Vi- 
Shorewood Hills, 
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Koesterer, Edwin, Supt., Sewage 
Plant, Freeburg, Ill. 


Konichek, James T., Opr.-Chem., 


Savanna Ord. Depot Proving 
Ground, Blackhawk Village, Sa- 
vanna, III. 


Kramer, Harry P., Chem., 825 Oak- 
land, Joliet, Ill. 

Kraus, L. S., Chem., 
Ave., Peoria, Ill. 

Kroeber, Frederick V., Sales Engr., 
Inertol Co., Inc., 437 N. Orleans 
St., Chicago 10, Ill. 

Kuhl, F. A., Supt., Water & Lights 
Dept., Breese, Ill. 

Kuhner, Frank G., Opr., P. O. Box 
871, Muncie, Ind. 

Kunsch, Walter M., Engr. Mer., 
Urbana & Champaign San. Dist., 
1105 S. Race St., Urbana, III. 

Lakeside Engineering Corp., 222 W. 
Adams, Chicago 6, III. 

Lamb, Miles, Chicago Pump Com- 
a 2300 Wolfram St., Chicago, 


510 Albany 


Langdon, L. E., Pacific Flush-Tank 
Co., 4241 Ravenswood Ave., Chi- 
cago 13, Ill. 

Langdon, Paul E., Cons. Engr., 6 
— Michigan Ave., Chicago 2, 


Langwell, Louie, 305 W. Market 
Street, Salem, Ind. 
Larson, C. C., Chem., Springfield 


Sanitary Distr., Route 5, Spring- 
field, Ill. 

Larson, Keith D., Capt., Sewage 
Tr. Plant, South St. Paul, Minn. 
Larson, L. Ls, Chem., 1705 Kentucky 

Ave., Fort Wayne, Ind. 


Lauer, Wm. N., Engr., c/o Dorr Co., 
221 N. LaSalle St., Chicago, III. 


Lautz, Harold L., State Board of 
Health, Madison 2, Wis. 


Learn, Henry C., Supt., Sewage Dis- 


posal, 50 Burdick St., Edgerton, 
Wis. 

Lee, Ming, 1105 W. Clark St., Ur- 
bana, II 


Lee, Oliver, Opr., 102 N. Fourth St., 


Mt. Horeb, Wis. 
LeLand, Raymond I., Capt., 0-460896, 
308th Bomb Wing (H), APO 70, c/o 
Postmaster, San Francisco, Calif. 
Lentfoehr, Charles E., Plant Opr., 228 
Allen St., Mayville, Wis. 
Lessig, D. H., Opr., 110} 
St., Warsaw, Ind. 
Levan, Stephen, Supt., 
4901 Drummond St., 
Ind. 
Lewis, R. K., Opr., 5009 Park Ave., 
Indianapolis 5, Ind. 
Lind, A. Carlton, Engr., 
Co., 1600 W. Bruce St., 
Wis. 
Lindell, O. V., Engr.-Sales, 221 North 
LaSalle St., Chicago 1, 


Center 


Sewage Plant, 
East Chicago, 


Chain Belt 
Milwaukee, 











Linderman, I. E., Capt., Sn.C., 57th 
alaria Control Unit, APO 603, 


c/o Postmaster, Miami, Fla. 

Link-Belt Co., 300 W. Pershing Road, 

Chicago, Il. 

Long, H. Maynard, Opr., 309 Dear- 

born St., Hillsboro, Il. 

Lovett, Frank W., 300 W. Pershing 

Rd., Chicago 9, II. 

Loving, M. W., Cons. Engr., 228 N. 
LaSalle St., Chicago 1, Ill. 


Lovrinch, Louis B., Chief Opr., 2319 
New York St., Whiting, Ind. 
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Lubratovich, M. D., 840 Grandview 
Ave., Duluth, Minn. 

Ludzack, F. J., Chem., 6060 E. Wash- 
ington, Indianapolis, nd. 

Lueck, Bernard F., Chem., 540 E. S. 
River St., Appleton, Wis. 

Luske, Wm. E., Ind. Engr., Wadhams 
Oil Co., 3807 Hammersley Ave., 
Madison 5, Wis. 

Lustig, Jeoum, City Engr., Janes- 
ville, 

Lux, Thtiisen F., Lt.(j.g.), USNR, 
736 S. Cicott St., Logansport, Ind. 

McAnlis, Chauncey R., Board of Pub- 
lic Works, Room 101, City Hall, 
Ft. Wayne, Ind. 

McCall, R. G., Capt., Sn.C., C.A.S.A 
Presidio of Monterey, Calif. 

McCaslin, Walter R., Cons. Engr., 218 
N. Spruce St., Nokomis, Ill. 

McClenahan, W. J., San. Engr., 910 
S. Michigan Ave., Chicago 5, Ill. 

McClure, Ernest, Opr., Galva, Ill. 

McDaniel, C. C., San. Engr., Chicago 
Bridge & Iron Co., Seneca, III. 


Mcllvine, Wm. D., Jr., Elec. Engr., 
Minn.-St. Paul San. Dist., Box 3598, 


Childs Road, St. Paul 1, Minn. 

McKee, —_—-. J» 1110 Harrison St., 
Madison 5. 

McLaughlin, *y P., San. Dist. of Chi- 
cago, 910S. Michigan Ave., Chicago, 

, im. 

McMullen, William, Sewage Works 
Opr., 1214 Constance St., Collins- 
ville, Ill. 

Mabbs, John W., Mabbs Hydraulic 
Packing Co., 431 S. Dearborn St., 
Chicago 5, IIl. 

McDonald, J. C., Opr., 404 _—— 
Ct., Del Paso Heights, Calif. 

Mackin, J. C., Supt., Nine Springs, 
Sewage Tr. Plant, Route 4, Madi- 
son 5, Wis. 

Magnuson, Francis J., City Engr., 107 
City Hall, Rochester, Minn. 

Mallory, Edward B., Cons. Engr., 
Director of Research, Lancaster 
Research Laboratories, 85 Zakriski 
St., Hackensack, N. J 

Manteufel, Lawrence A., Opr., 622 

Henrietta St., Wausau, Wis. 

Martens, Myron M., Supt., Sewage 

Tr. Plant,Office of Post Engr., Hq., 

Camp Breckinridge, Morganfield, 

Ky. 

Martin, Geo. W., Supt., Sewage Tr. 

Plant, Route 1, Green Bay, Wis. 

Martin, S. C., Capt., 103 King Street, 

Medford, Ore. 

Mathews, W. W., Supt., Sewage 

Tr. Plant, P. O. Box 388, Gary, Ind. 


— Leon, Engr., McCordsville, 
nd. 


Merrick, Ray, Asst. Supt., 1244 S. 
Ohio St., Kokomo, Ind. 

Merz, H. Spencer, Supt., 3227 W. 
Gate Parkway, Rockford, IIl. 
Merz, Robert C., San. Engr., 844 Hill 
St., Wauwatosa 13, Wis. 

Metcalf, H. B., Sec.-Mgr., R.R. No 
3, Bloomington, III. 

Metzger, Jesse, Opr., Sewage Tr. 
Plant, R.R. No. 1, Goshen, Ind. 
Mick, K. L., Capt., Sn.C., P. O. Box 
3598, St. Paul 1, Minn. 

Mickel, John E., Supt., Sewage Tr. 
Plant, Boscobel, Wis. 

Mickle, Chas. T., Opr., 82 Dover St., 
LaGrange, Ill. 








Madison 5, Wis. 





Lowden, L. J., 335 Cottage Ave., Glen 
Ellyn, Ill. 





Miller, David R., San. Engr., Quarters 
9, Great Lakes, III. 
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Miller, L. A., Chief Engr., Box 206, 
Streator, Ill. 

Miller, Maurice L., Cons. Engr., 408 
McDowell Bldg., Louisville, Ky. 
Miller, Novle, Supt., Sewage Tr. 

Plant, City Hall, Orleans, Ind. 

Milling, M. A., 3931 N. Drexel Ave., 
Indianapolis 1, Ind. 

Minneapolis-St. Paul San. Dist., Box 
3598, St. Paul 1, Minn. 

Moeller, Carl, Plant Main ~— A II, 
Indiana State Farm, R.R. No. 2 
Greencastle, Ind. 

Mohlman, F. W., Dr.,910S. Michigan 
Ave., Chicago 5, Ill. 

Moore, Lee S., 35 Valley View Court, 
New Albany, Ind. 

Moore, R. B., Cons. Engr., 1456 N. 
Delaware St., Indianapolis, Ind. 
Morgan, Philip F., 513 Davis St., 

Kalamazoo, Mich. 

Morkert, Kenneth, Opr., 4624 Wool- 
man Ave., Rt. No. 7, Box 79, Jack- 
sonville 5, Fla. 


Morris, D. B., Chemical Salesman, 
2303 Hampden Ave., St. Paul 4, 
inn. 


Mortenson, E. N., Chemical Engr., 
Swift & Co., Union Stock Yards, 
3038 Ellis St., Chicago 19, IIl. 

Muegge, O. J., Asst. San. Engr., 
Room 462, State Office Bldg., Madi- 
son 2, Wis. 

Murphy, John A., 117 W. 
West Chicago, III. 

Nauer, Louis A., Jr., Opr., 
Ave., S. St. Paul, Minn. 

Neiman, W. T., Cons. Engr., 10 W. 
Douglas St., Freeport, Ill. 

“y Richard S., Lt. Col., 0-295936, 

06 S. Mason St. Z Bloomington, Ill. 

Rog D. H., Dr., Chem., Indus- 
trial Waste Tr. Works, Oscar Mayer 
& Co., 157 Division St., Madison 4, 
Wis. 

Ness, Ole J., Supt., 
River Falls, Minn. 

Neumann, George B., Supt. & Opera- 
tor, Bethalto, III. 

Newton, Donald, Assoc. San. Engr., 
722 Hinman Ave., Evanston, III. 
Nicholas, Forrest A., Cons. Engr., 
7235 Jarnecke Ave., Hammond, 

Ind. 


Blair St., 


357 18th 


City Hall, Thief 


Nichols, M. Starr, Chemist, Wisconsin 
State Laboratory of Hygiene, Madi- 
son 6, Wis. 

Niles, Thomas M., San. Engr., 6 
North Michigan Ave., Chicago 2, 
Ill. 

Nold, Vern, Opr., Sewage Treatment 
Plant, 909 Bond Ave., Marion, Ind. 

Nordell, Carl H., Cons. Engr., R.R. 
No. 2, Coloma, Mich. 

Norman, G. A., Chemist, R.R. No. 1, 
Columbus, Ind. 

Nutter, Frank H., Cons. Engr., 122 S 
Sixth St., Minneapolis 2, Minn. 
Obma, Chester A., Capt., E.C., c/o 
American Well Works, Aurora, III. 
Odbert, Eugene, Jr., a8 ee ngr., City 

Hall, Sturgeon Bay, 

Odell, Lester, Supt., 280 Ly ons St., 
Wisconsin Rapids, Wis. 

Oeffler, W. A., Supt., 120 S. Lawton 
St., Jasonville, Ind. 

Okun, Daniel A., Capt., Sn.C., c/o 
William H. Okun, 42 Livingston St., 
Brooklyn, N. Y 

Olson, Frank W., Opr., 16 S. Mallory 
St., Batavia, Til. 

Overall, W. G., Opr., Sewage Treat- 
ment Plant, 217 Elizabeth St., 
Elizabethtown, Pa. 
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Ozelsel, A. M., Dr., Research Asst., 
605 E. Daniel St., Champaign, III. 
Pacific Flush Tank Co., 4241 Ravens- 
wood Ave., Chicago 13, Ill. 
Palmer, John R., Opr., 1321 Monroe 
St., Evanston, III. 
Panian, . J.» Sewage Supt., 
Rockdale P. O., Joli iet, Il. 
Pappmeier, Louis S., Cons. Engr., 404 
Hill Arcade, Galesburg, III. 
Patterson, Orville W., Supt. of Utili- 
ties, Edinberg Water & Light Plant, 
107 S. Holland St., Edinberg, Ind. 
Pearse, Langdon, Chicago San. Dist., 
ag S. Michigan Ave., Chicago 5, 
Peaslee, Geo. A., Opr., 917 Wolcot 
St., Sparta, Wis. 
Pence, Irel V., Supt., Public Works, 
25 W. Third St., Peru, Ind. 
Pennington, Marvin, Supt., 
Works, Steger, IIl. 
Peterson, Edward T., Supt., Sewage 
aaa 113 W. First St., Dundee, 


Public 


Peterson, Ivan C., Cons. Engr., 2016 
W. Fargo Ave., Chicago, III. 

Peterson, Myhren, C., Dist. Public 
Health Engr., Box 308, Bemidji, 
Minn. 





Peterson, Ralph W., Lt., 9141 S. 
Bishop, Chiceao 20, "Tn. 
Pett, K. M., Utility Opr., 2638 Gar- 


field, Minneapolis 13, Minn. 
Phelps, Boyd E., Cons. Engr., Brinck- 
mann Bldg., Michigan City, Ind. 
Pierce, George O., Capt., 4009 Sunny- 
side, Minneapolis, Minn. 
Pine, E. T., Supt., Sewage Tr. Plant, 
Marshall, Ill. 
Plummer, Raymond B., Cons. Engr., 
632 S. Jefferson, Saginaw, Mich. 
Poole, B. A., Indiana State Board of 
Health, 1098 W. Michigan, Indian- 
apolis, Ind. 

Potter, Dave, Opr. & Supt., Princeton, 
Ill. 


Powell, Otto, Opr., 1215 Superior St., 





Wisconsin Dells, Wis. 
Quinn, Joseph L., Jr., 1098 W. Michi- 
gan St., Indianapolis 7, Ind. 
Racek, L., Jr., Opr., Sauk City, Wis. 
Renkin, R. S., Engr., The Dorr Co., 
inc., 570 Lexington Ave., New York, 
ji. ¥; 


Rawley, Leo, Opr. Engr. of Disp. 
Plant, Route No. 1, Marysville, 
Wash. 


 saeeeed V.,R.R. No. 1, Calhoun, 

Reardon, Wm. R., 1036 N. 17th St., 

Manitowoc, Wis. 

Reed, Paul W., Capt., Sn.C., 1098 W. 

Michigan Ave., Indianapolis, Ind. _ 

Rein, L. E., Pacific Flush Tank Co., 

4241 E. Ravenswood Ave., Lake- 
view Station, Chicago 13, IIl. 

Rennels, Willard T., Supt., Water & 

aes 1327 Jackson St., Charleston, 
ll. 

Reynoldson, C. G., Chief Engr., In- 

dustrial Waste Tr. Works, c/o Oscar 
Mayer & Co., 910 Mayer Ave., 
Madison 4, Wis. 

Richgruber, Martin, 420 E. Oak St., 

Sparta, Wis. 

Richman, W. F., Opr., 111 E. Eighth 

St., Winona, Minn. 

Richter, James B., Lakeside Resort, 

Phelps, Wis. 

Richter, Paul O., 111 W. Washington 

St., Room 548, Chicago, III. 





March, 1946 


Riedesel, P. W., Dept. of Health 
Bldg., Univ. of Minnesota Campus, 
Minneapolis, Minn. 

Rinehart, Clidus, Supt. of Utilities, 
Hagerstown, Ind. 

Roahrig, Henry L., Capt., P. A. Ener. 
R), USPHS, 454 Harrison St., 
West Chicago, Ill. 

Robins, Maurice L., Chem., P. O. Box 
3598, St. Paul 1, Minn. 

Robinson, Fred M., Opr., 211 S. West 
Street, Tipton, Ind. 

Rodwell, Robert D., San. Engr., c/o 
Downey Heating Co., 1712 W. St. 
Paul Ave., Milwaukee 1, Wis. 

Roe, Frank C., San. Engr., Carborur n- 
dum Co., Perth Amboy, N. J. 

Rogers, Harvey G., 3416 Edmund 
Blvd., Minneapolis 6, Minn. 

Rogers, W. H., Supt., Downers Grove 
San. Dist., Downers Grove, III. 

Rohlich, Gerard A., College of Engr., 
Pa. State College, State College, Pa. 

Roll, A. H., Supt., 316 E. Main St., 
Chilton, Wis. 

Romaine, Burr, Supt., 
St., Fond du Lac, Wis. 

Romeiser, C. H., c/o Romeiser Drug 
Store, Auburn, Ind. 

Roob, F. H., Mgr., Supt., Water & 
Light Dept., Columbus, Wis. 

Rosemeyer, Alfred, Supt., Box 155, 
Red Bud, III. 

Rosen, Milton, Commissioner of Pub 
lic Works, 234 City Hall & Court 
House, St. Paul 2, Minn. 

Ross, Hermann M., Capt., Sn.C., 
0-A80909, Office of the Medical 
Inspector, Fort Francis E. Warren, 
Wyo. 

Ross, W. E., Supt., 
Richmond, Ind. 
Rowe, James Albert, Chem., S. St. 
Paul Tr. Plant, 629 Sixth Ave. S.. 

St. Paul, Minn. 

Rowen, R. W., Vice-Pres., Nichols 
Engr. & Research Corp., 60 Wall 
Tower, New York, N. Y. 

Ruchhoft, C. C., USPHS, East 3rd & 
Kilgour Sts., Cincinnati, Ohio 

Rudgal, H. T., Supt., 6530 Sheridan 
Rd., ana Wis. 
uhmann, Ovid G., Supt., 
land Ave. -» Belleville, Ill. 

Sager, John C., Capt., Sn.C., 0-507871, 

2515 Colfax Ave., Minneapolis 5, 

Minn. 

Sala, David W., Opr., Camp Ellis, 513 

S. McArthur St., McComb, III. 

Sanitary District of Elgin, Box 92, 

Elgin, 

Sargent, H. H., Supt. & Opr., Sewage 

Tr. Pit., 320 N. Locust St., Syca- 

more, III. 

Sawyer, Clair N., Dr., Dept. of Civil 
San. Engr., Massachusetts Inst. 

of Technology, Cambridge 39, 

Mass. 

Scheidt, Burton A., 

Chicago 20, Il. 

Scherf, Albert W., Supt. of Sewage 

Plant, Cedarburg, Wis. 

Schier, Lester C., Opr., 206 W. Save 

land Ave., Milwaukee 7, Wis. 

Schlenz, Harry E., Pacific Flush-Tank 
Co., 4241 Ravenswood Ave., Chi- 

cago 13, Ill. 

Schneller, M. P., Sales Engr., Aurora 

Pump Co., 319 BeVier Place, Au- 

rora, Ill. 

Schriner, P. J., Supt., 3 

Kankakee, III. 


237 Vincent 


221 S. Zist St.. 


3205 Ro 


1700 W. 91st PI., 


82 S. Lincoln, 








Riedesel, Henry A., Supt., Spring 
Creek Road, Rockford, Ill. 


Schroeder, Arthur W., Chem., 137 
Tennyson Court, Elgin, II. 
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hroeder, C. A., Supt. 
“— West, Park 


Sewer, 511 Fourth St., 
Rapids, Minn. 

Schroepfer, George J., Prof., Room 
123, Main Engrg. Bidg., University 
of Minnesota, Minneapolis 14, 
Minn. 

Schultz, Ray W., San. Engr., Room 
1830, 20 N. Wacker Drive, Chicago, 
Ill. 

Scott, Cliffton A., The American Well 
Works, 100 N. Broadway, Aurora, 
Ill 

Scott, Ralph H., ay 0-476658, 629 
Mendota Court, Madison, Wis. 

Scott, Roger J., 3522 Jackson Blvd., 
Chicago 24, iil. 

Sencey, Joe, H.A. 2/c, USNR, Opera- 
tion—Maintenance, Barracks 706, 
USNTC, Great Lakes, III. 

Shaw, Morton, Opr., Sewage Tr. 
Plant, Marion, Ind. 

Shillinger, William D., ist Lt., 0-540- 
956, 88th Military Government Co., 
APO 547, c/o Postmaster, San 
Francisco, Calif. 

Shipman, H. R., Lt., 0-543845, Station 
Hosptial, Greenville Army Air 
Field, Greenville, Miss. 

Shoebotham, T. B., 8049 Tripp Ave., 


Skokie, 

Simpson, Maynard, Maintenance 
Mer., Crane Housing Project, 
Crane, Ind. 

Slagle, Elmer C., Room 115, Court 


Duluth 5, Minn. 


House, 


arg r, Warren H., 521 S. Brimhall, 
. Paul 5, Minn. 
Smith, Gilbert M., San. Engr., Room 


2921, AAF Annex No. 1, Gravelly 
Point, Washington, D. C. 
Smith, J. Irwin, Opr., 15031 Vine St., 
I 


Harvey, 


Smith, R. L., Cons. Engr., 2083 Wel- 
lesley, St. Paul 5 Minn. 
Smith, Ralph A., ist Lt., 1763 N. 75th, 


Wauwatosa 13, Wis. 
Snider, 7 N., Supt. of Utilities, Red 
Bud, 
Snow, 
view 
Solboe, Richard, 927 W. 
Madison 5, Wis. 


eaailé L., Capt., 2013 May- 
ve., Cleveland, Ohio 
Dayton St., 


Somers, Verne, Opr., 219 N. Third 
St., Stevens Point, Wis. 

Sowden, Howard J., City Engr., 
Fergus Falls, Minn. 


Spader, Harold J.,c/o The Dorr Co., 
221 N. LaSalle St., Chicago 1, Ill. 
Sperry, John R., San. Engr., American 
Well Works, 531 S. Fifth St., Au- 
rora, Ill. 

Sperry, Walter A., Chem. Engr., P. O. 
Box 241, Aurora, III. 

Spiegel, Milton, 575 Drexel 
Glencoe, III. 

Spurgeon, Ralph, 124 Cavin St., 
onier, Ind. 

Stack, John P., Supt., City Light & 
Water Plant, N. Fifth St., Goshen, 
Ind. 

Stauff, Paul V., City 
Hotel, Eveleth, Minn. 

Steeg, Henry B., Henry B. Steeg & 
\ssociates, Cons. Engr., 129 E. 
Market St., Indianapolis, Ind. 

Steffes, Arnold M., Asst. Maint. 
Engr., 791 Lincoln Ave., St. Paul 
5, Minn. 

Steindorf, R. T., c/o Chain Belt Co., 
1600 West Bruce St., Milwaukee 4, 
Vis. 

Steiner, Joseph, Pres. Board of San. 
Comm. & City Engr., City Hall, E. 
Chicago, Ind. 


Avenue, 


Lig- 


Chem., Park 
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Steffen, A. J., Capt., C.E., 1348 Glen- 
lake Ave., Chicago 40, III. 

Stolp, R. C., Engr., 1804 N. 70th St., 
Wauwatosa 13, Wis. 

Storey, Benjamin M., Opr., 2240 
Edgecombe Rd., St. Paul 5, Minn. 

Storm, Wm. H., Supt., Sewage Tr. 
Plant, 1205 W. Winnebago St., 
Appleton, Wis. 

Strand, Philip E., Opr., Utility, 525 N. 
First St., Libertyville, re 

Strickland, Raymond, Asst. Plant 
Opr., 525 Christy St., Marion, Ind. 

Stroessenreuther, G. A., Opr., 2384 
Bayless Place, St. Paul, Minn. 

Stutz, C. N., Cons. Engr., 314 Unity 
Bldg., Bloomington, IIl. 

Sullivan, Fred O., San. Engr., 5717 S. 
Tripp Ave., Chicago, Ill. 

Sund, Gutorm, Plant Opr., Altoona, 
Wis. 


Suter, Max, San. Engr., 405 W. Elm 
St., Urbana, Iil. 

Swope, Gladys, Asst. Chem., Mellon 
Institute, 4400 Fifth Ave., Pitts- 
burgh 13, Pa. 

Tapleshay, John A., San Engr., 520 
W. Surf St., Chicago 14, III. 
Tapping, C. H., 7718 Cornell, 

cago 4, Ill. 

Tempest, W. F., Portland Cement 
Assoc., 33 W. Grand Blvd., Chicago 
10, Ill. 

Tennant, H. V., Cons. Engr., City 
Bank Bldg., Portage, Wis. 
Thalheimer, Marce, Opr., E. 

St., Batesville, Ind. 

Thayer, Paul M., San. Engr., 3933 N. 
Prospect Ave., Milwaukee, Wis. 
Thelin, A: b., Lt. .C.EC., USNR. 
Civil Affairs Section, Hdq., Army 
Garrison Forces, APO 224, San 

Francisco, Calif. 

Thomas, Ariel A., Capt. Sn.C. A.U.S. 
4 Butler St., Blackstone, Mass. 

Thompson, H. Loren, c/o Stevens & 
Koon, Spalding Bldg., Portland 4, 
Oreg. 

Thompson, S. E., Supt., 
Plant, Union City, Ind. 

Tigrak, Mehmet Fuat, Capt. Civil 
Engr., War Dept., Ankara, Turkey 

Todd, Leon J., Supt., Sewage Tr. 
Plant, 405 Plumb Street, Milton, 
Wis. 

Tomek, A. O., Opr., 5610-39 Ave., 
Hyattsville, Md. 

Towne, John W., San. & Civ. Engr., 
Sanitary Dist. of Chicago, 910 S. 
—_ Room 600, Chicago 5, 


Chi- 


Pearl 


Sewage Tr. 


Townsend, Darwin W., Cons. Engr., 
2219 E. Belleview Pl., Milwaukee 
11, Wis. 

Troemper, Paul A., Capt., Sn.C. 
Regional Hospital, Ft. Riley, Kans. 

Trulander, Wm. M., Opr., 1316 
Seventh St., Minneapolis, Minn. 

Tuhus, Kenneth, Engr., c/o Knute 
Posselt, Kendall, Wis. 

Turpin, U. F., Cons. Engr., 2518 
Ridgeway, Evanston, III. 

Twin City Testing & Engr. Lab., 


Galen J. Jasper, Engr. & Partner, 
2440 Franklin Ave., St. Paul 4, 
inn. 

Upton, Glenn, Supt., 
Prophetstown, III. 
Uyanik, Mehmet E., Civil Engr., War 

Department, Ankara, Turkey 
Van Praag, Alex, Jr., Cons. Engr., 447 
— Office Bldg., Decatur, 


Sewage Plant, 
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Verhoek, J. B., San. Engr., Greeley & 
Hansen, 7430 Paxton Avenue, Chi- 
cago 49, I 

Wade, W. J.,Opr., 1722 Fremont Ave., 
N. ‘Minneapolis 11, Minn. 

Wahlstrom, Carl A., Supt., 419 N. 
23rd St., LaCrosse, Wis. 

Wakeley, Guy B., Sewage Works 
Supt., 700 Dewy St., Harvard, Il. 

Walbridge, Thornton, Supt., Lake 
Bluff, Ill. 

Walker, J. Donald, American Well 
Works, San. Divn., Aurora, II. 
Walton, Graham, Chief Medical Dir., 
Bureau of Prisons, Dept. of Justice, 

Washington 25, D. C. 

Ward, C. N., Cons. Engr., 550 State 
St., Madison 3, Wis. 

Ward, Oscar, Opr., 1500 S. Cedar St., 
Marshfield, Wis. 

Warden, Lotus A., City Engr., 821 S. 
Armstrong, Kokomo, Ind. 

Wardwell, T. M., City Mgr., Rhine- 
lander, Wis. 

Warrick, L. F., San. Engr., Room 458, 
State Office Bldg., Madison 2, Wis. 

Waters, Geo. E., Asst. Opr., Minn.- 
St. Paul San. Dist., 2130 Princeton 
Ave., St. Paul 5, Minn. 

Watters, T. G., Chem., 824 E. Wash- 
ington, Hoopeston, III. 

Weasner, Leo, Asst. Chem., 2016 S. 
Belmont Ave., Indianapolis, Ind. 

Wells, E. Roy, Chief Engr., Ill. Post- 
War Planning Committee, 11 S. 
LaSalle St., Chicago 3, Ill. 

Wesby, Vernon L., 6827 S. Throop 
St., Chicago 36, IIl. 

West, A. W., 2621 Van Hise Ave., 
Madison, Wis. 

Westfall, Milton, Opr., 511 N. Fourth, 
Sturgeon Bay, Wis. 

Wheeler, C. E., Jr., Engr. of Plant 
Oprs. 11127 Homewood Ave., Chi- 
cago 43, III. 

White, Paul R., Opr., 505 Alameda 
Ave., Muncie, Ind. 

White, Roy, Supt., Sewage Tr. Plant, 
Box 228, Macomb, IIl. 

Whitney, Alfred C. Col., Supervisor, 
Water & Sewers, Twin Cities Ord- 
nance Plant, 1841 Dayton Ave., St. 
Paul 4, Minn. 

Whittaker, H. A., Chief San. Engr., 
Minn. Dept. of Health, Div. of San., 
Minneapolis, Minn. 

Wiley, Averill J., c/o Institute of 
Paper Chemistry, Box 498, Apple- 
ton, Wis. 

Willett, C. K., Cons. 
Galena, Dixon, Ill. 

Williams, Chas. W., Opr., 59 Ewing 
St., Peru, Ind. 

Williams, Clyde E., Consultant, 312 
Colfax Ave., South Bend 7, Ind. 
Williams, George W., Supt., Munici- 
ple Utilities, 344 Jefferson St., 

Sheboygan Falls, Wis. 

Williams, Leon G., Cons. Engr., 3611 
Watson St., Toledo 12, Ohio 

Wilson, Harry L., Constr. Engr., 3634 
47th Ave. S., Minneapolis, Minn. 

Wilson, R. D., Box 427, Champaign, 
Ill. 


Engr., 317 N. 


Wilson, Robert we 1016 W. 43rd St., 
Richmond, Va 

Wisely, F. E., 5049- A Oleatha Ave., 
St. Louis, Mo. 

Wisely, W. H., Executive Secretary- 
Editor, Federation of Sewage Works 
Assoc., 325-6 Illinois Bldg., Cham- 
paign, Ill 

Wisniewski, Theo., Rm. 458, State 
Office Bldg., Madison 2, Wis. 
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Wojdugo, J. M., Civil Engr., San.; Woodburn, James G., Prof., Hy- Yeager, Bert T., City Hall, Engineer's 
Dist. of Chicago, 910 S. Michigan draulic Laboratory, Univ. of Wis., Office, Sioux Falls, S. Dak. 
Madison 6, Wis. Yeomans og a 1433 Dayton 

St., Chicago 22 

Woodrum, Logan, Supt., Sewage 

Wolf, Wm. E., Supt., 623 Congress St., Tr. Plant, 410. S. Jackson St., | Zetterberg, Edw., Chem. & Chem, 
Eau Claire, Wis. Greencastle, Ind. a 1101 N. Jefferson, Muncie, 


Ave., Chicago 5, IIl. 


Woltmann, J. J., Cons. Engr., 314 | Wurtenberger, Helen, Chem., 309 W. | Zogimann, Martin, Opr., c/o General 
Unity Bldg., Bloomington, Ill. Tenth St., Anderson, Ind. Delivery, Shawano, Wis. 


Dakota Water and Sewage Works Conference 
(NortH Dakota SECTION) 
Mr. Jerome H. Svore, Secretary-Treasurer, State Department of Health, Bismarck, N. Dak. 


Arnold, Earl H., Asst. San. Engr.,| Junge, Gilbert, Sewage Works Supt.,| Nelson, Casper I., Head, Dept. of 
USPHS, P. O. Box 547, Savannah,| 75 Third Ave. North, Wahpeton, Bacteriology, Library, N. r Jak. 
Ga. | N. Dak. Agricultural College, State College 

. A. L. S - Ci KI John, S Works 8 Station, Fargo, N. Dak. 
avone an. Engr., ity- even, Jo Sewage orks Supt., , r 
County Health Unit, Minot, N.| Grand Forks, N. Dak. —aae 


Dak. ¥ ss ¥ 
Z Langer, Joseph J., Engr., Fort Totten, | Piper,K., San. Engr., State Dept. of 
Clark, Lloyd K., Major, 0-2 75779, | N. Dak. Health, Bismarck, N. Dak. 
Surg.’s Ha., Base M., APO 70, c/o | rm : Roach, W. H., Water and Sewe 
Postmaster, San Francisco, Calif. Lauster, K. C., USPHS, 2000 Mass- Works Supt., Carryington, N. Dak. 


~~ Ave., N.W., Washington Reney, L. R., Water and Sewage 


Colsen, Justin, Sewz Plant Opr. 2 
32 é — P Works Supt., Grafton, N. Dak 


105 Burgamott Ave., Grafton, N. 





Dak. Lindsten, H. C., Wallace & Tiernan| Svore, Jerome H., Sr., San. Engr., 
ete Mas OA. Ben, fener. Co. Winnipeg, Manitoba, Canada og aa of Health, Bismarck, 
Atlanta, Gare" | MS "Grand Forks, NrDale, "°°" | Tarbell, W. Park, City Engr., Fargo, 
Johnson, Kenneth R., 426 Second| Lobb, Everett, San. Engr., Fargo} Warner, Richard G., Chem., Armour 
Ave. East, Dickinson, N. Dak. | Health Dept., Fargo, N. Dak. & Co., West Fargo, N. Dak. 


(SoutH DaxKotTa SECTION) 


Mr. Quinton B. Graves, Secretary-Treasurer, c/o Div. of Sanitary Engineering, 
State Board of Health, Pierre, South Dakota 


Booth, B. C., Public Health Engr., | Harding, C. G., ‘mead Plant Opr., ; Olding, A. E., Supt., Water & Sewage, 


State Board of Health, Pierre, S. Sanator, S. Dak Redfield, S. Dak. 
Dak. | Hopkins, Glen J., Dir., Div. of San. | Pierce, H. M., 1033 Sixth Ave. S.E., 
Bowman, C. R., c/o City-County | Engr., State Board of Health, Aberdeen, S. Dak. 
Health Unit, Box 49, Corpus | Pierre, S. Dak. Price, Charles P., Supt Sewage Tr. 
Christi, Tex. | Hoy, M. J., City Comm’r., City Hall, | Plant, Box 590, Rapid City, S. Dak. 
Bragstad, R. E. "ig? Engr., City Hall, | Watertown, S. Dak. Spieker, Roy G., Asst. Post Medical 
Sioux Falls, S. Dak. Mather, Edward K., Cons. Engr., Insp., Indian Gap Military Reserva 
Campbell, A. S. Supt. Water Tr. Dakota Engineering Co., 309] tion, Pa. 
Plant, Chamberlain, S. Dak. PP ag Mitchell, S. Dak. Stapf, R. J., 2nd Lt., Sn.C., c/o Ellis 
ues thews, E. R., Div. of San. Engr., Hedman, Hayes, S. Dak. 
Cochrane, W. F., U. S. Engr. Off., aus ee >. a : ’ 
1709 Jackson St., Omaha, Nebr. — Board of Health, Pierre, S. Staven, Julian, Cons. Engr., Box 508, 
5 ae se pee Rapid City, S. Dak. 
DeHaai, Ira, San'r'n, City Hall,| worris. Lee, S Box 37 ? sida 
Watertown, S. Dak. ee Dt et Box 375, Eglo. | tone, W. W., Major, Sn.C., 122 N. 
rs Tachi om Dias - nde 
Dixon, F. S., Midwest Equipment | Murschel, Jacob, Supt. Water & | _@shington Ave., Pierre, S. Dak. 
Co., 1624 Harmon Place, Minne- Sewage, Webster, S. Dak. Wilson, Donald H., San’'r'n., City 
apolis, Minn. Nangle, B. A., Public Health Engr. Hall, Mitchell, S. Dak. 
Haigh, Linell E., Water & Sewer State Board of Health, Pierre, S. | Yeager, Bert T., City 4. Engineer's 
Comm., Miller, S. Dak. Dak. Office, Sioux Falls, S. Dak. 








Federal Sewage Research Association 


Mr. V. G. MacKenzie, Secretary-Treasurer, U.S.P.H.S., 2000 Massachusetts Ave., N.W., 
Washington 14, D. C. 


Agnano, Paul, San. Engr., USPHS, | Ash, Simon H., 8406 Galveston Road, | Carlson, H. R., 1407 Appraisers Bldg. 


Dist. No. 1, 15 Pine St., New York Silver Spring, Md. San Francisco 11, Calif. 
5, N.Y. Atkins, C. H., 6421 Washington, | Carnahan, C.T., Lt. Comdr., c/o Mrs. 
Aldridge, Frederick F., USPHS, 9132} Kansas City, Mo. ae A Carnahan, 5421 Vv enturi 


Bradford Rd., Silver a Md. i Canyon Ave., Van Nuys, Calif. 
Blew, M. it. Col., San. C 3, 

Anderson, Lewis D., P. O. Box 245, | USA. je | oe cae cao Cary, W. H., Jr., 2106 Ross Road, 
Hilton Village, Va. Olid Post Office Bldg., Atlanta, Ga. Rosemary Hills, Silver Spring, Md. 

Andrews, John, USPHS, 2000 Mass- | Coffin, Edwin F., Jr., Cons. Engr., 
achusetts Ave., N.W., Washington | Butterfield, C- es eee TOG, © | ~ Asst. Engr. (R), USPHS, P. O. Box 
4, D.C. | : 491, Gainesville, Fla. 

Arnold, Earl H., Asst. San. Engr., Calderara, O. J., San. Engr., City Cotta, Maurice L., Assoc. San. Engr., 
USPHS, P. O. Box 547, Savannah, Health Dept., Tampa., Fla. Farm Sec. Admin., 1305 Termina! 
Ga. Capone, Domenic, USPHS, c/o Mrs. Sales Bldg., Portland, Ore. 

Arnold, G. E., Lt. Col., USPHS, 477 Domenic Capone, 34 Rutland St., | Crockett, Vernon P., Box 214, Leigh- 
Colon Ave., San Francisco, Calif. Hartford 5, Conn. ton, Ala 
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Crohurst, ye 15 Pine St., New | Jones, S. Leary, Div. of Sanitary 


York 5, | Engineering, Tenn. Dept. of Public 
Dahl, Arve H., Malaria Control in| Health, 420 Sixth Ave., North, 
War Areas, 605 Volunteer Bldg.,| Nashville 3, Tenn. 


Atlanta 3, Ga. 
Dashiell, Walter N., Apt. 383, Guate- | 
mala City, Guatemala 
Decker, Herbert M., Lt., 


Kemp, Harold A., Dir. of Sanitary 
Engineering, Dist. of Columbia 
Bldg., Washington 4, D. C. 


0-532246, Kittrell, F. W., Room 55, Ferris Hall, 


7 © Unit (Malz 

alles ag \PO 029, . cue | Health & Safety Dept., Tennessee 
New York, N. | Valley Authority, Knoxville, Tenn. 

e | . . . 
DeMartini, Frank E., USPHS, East | Kochtitzky, O. W., Jr., San. Engr., 
3rd & Kilgour Sts., Cincinnati 2, 420 Union Bldg., Knoxville, Tenn. 
Ohio | Lamoureux, Vincent B., San. Engr., 

Dopmeyer, A. L., 1407 U.S. soerein- 1652 Adams St., Denver, Colo. 
ers Bldg., San F rancisco 11, Calif. | Lang, Sheldon, USPHS, c/o Post 
Ettinger, M. B., 0-928627, Civil Medical Inspector, Cushing Gen- 


Presidio of eral Hospital, Farmingham, Mass. 

Langdon, B. J., District Health Unit, 
Camden, Arkansas 

| LeBosquet, M. L., USPHS, E. Third 
& Kilgour Sts., Cincinnati 2, Ohio 

LeVan, James H., San. Engr., USPHS 
25 Canterbury Road, Great Neck, 
L. 2.,.Ns- ¥. 


Affairs, Ste ising yf 1, 
Monterey, Calif. 
nao, Frederick K., San. 
H. McGlone, 1122 
yal . Pittsburgh, 26, Pa 
Feldhake, C. Jas “ty Dept: of Health, 
6205S. Third St., Louisville 2, Ky. 
Ferguson, Gerald W., 80 Mount: 1in 
Ave., Somerville, | 


Engr., 
Milan 


her, Lawrence M., USPHS, 852 | Linders, Edward, Sr. Civil Engr., 
+ U.S Customs House, Chicago 7, Gordon Hotel, $16- 16th St., N.W., 
I. | Washington 6, D.C. 
Fittro, Louis L., 1409 W. Pike St., | Ludwig, Harvey F., Asst. San. Engr., 


Clarksburg, W. Va | USPHS, 1014S. Harbor Vi iew Ave., 
Freeman, A. B., Asst. Pub. Health| San Pedro, Calif. 

Engr., USPHS, 1407 Appraisers | Luthin, John C., USPHS, 603 B.M.A. 

Bldg., San Francisco 11, Calif. Bldg., 215 Pershing Rd., Kansas 
Fuchs, Abraham W., USPHS, 2000} City, Mo. 

Massachusetts Ave., N.W., Wash- | McCallum, G. E., San. Engr., Federal 

ington 14, D. C. Security Agency, 707 Pere Mar- 
Fuhrman, Ralph E., Supt., D.C. Sew. | quette Bldg., New Orleans, La. 

rei =— Blue Plains, Washington McNamee, Paul D., Opr., Sewage 


20, D me 
rr. Plant, Blue Plains, aC, 
¥6 -» USPHS, Sub. Treas- | . 
. tng ow ar Pine y Pei | MacKenzie, Vernon G., U SPHS, 
New Works cae | 2000 Massachusetts Ave., N.W., 
neg ‘Murray A, te tr. San. Engr., | Ww ashington 14, D. C 
111 Dean St., Woodstock, III. Maier, F. J., San. Engr., 4702 Chest- | 
Goeke, Roscoe H., P. A. San. Engr. nut St., Bethesda 14, Md. 
R), USPHS, 2008 W. Jackson, | Maier, Paul P., 17 Brief St., Upper 
Spokane 12, Wash. Darby, Pa. 
Graber, Ralph C.,San. Engr., USPHS, | Mark, Richard S., 2023 Patterson 
Dist. No. 4, 307 Pere Mi arquette Rd., West Hyattsville, Md. 
3idg., New Orleans 12, La. | Middleton, Francis M., Chem., 


Grimsley, J.T., Carter Memorial Lab. | USPHS, 707 Pere Marquette Bldg., 
PHS, 19 20 Greenwood, Savan- | New Orleans 12, La. 
nah, Ga. | Moore, W. A., Chem., USPHS, E. 
Hansen, Chris A., Asst. San. Engr.| Third & Kilgour Sts., Cincinnati 2, 
R), Malaria Control in War Areas, | Ohio 


7 605 Volunteer Bldg., At- | Morris, Rael F., Oswego, Kans. 
inta ra. To . ~ 
> Moss, F. J., USPHS, 8th Floor Mer 
~— En Maes Vv fee Bide cantile Bank Bldg., Dallas, Tex. | 
Atlanta, Ga. | Nasi, Kaarlo W., Capt., USPHS, | 
Hemblett, W. C., Capt. Sn.C., Sta- District No. 10, Federal Bldg., 


a TS 
tion Hospital, Hendricks Field, Honolulu, T. H. 


Sebring, Fla. Nesheim, Arnold, 924 kim Ave., Salt 
Hill, John R. S., USPHS, 409 Wadr | _ Lake City 5, Utah 
Columbia, | Norris, Peaneie I., Jr. Chemist, 


Hampton Office Bldg., : : 
SiC: USPHS, East Third & Kilgour Sts., 
Cincinnati, Ohio 


Hintgen, George W., San. Engr., came d ; 

Northington General Hospital, Tus- | Ogden, Willis L.,San. Engr., USPHS, 
caloosa, Ala. | 707 Pere Marquette Bldg., New 
Holy, William E., 2912 Dinwiddie Orleans 12, La. , , 

\ve., Fairlington, Va. | Old, H. N., Sr. San. Engr., SPHS, 
Homunca, H. B., Bureau of Sanitary el meee oe Ave. N.W., 

Eng gineering, ¢é alif. State Dept. of Washington i 

Public Hez —. 15 Shattuck Square, | zm; ©., USPHS, 22 Irving | 


, West Some arville 44, Mass. 


3erkeley, Calif. 
| Pla saat O. R., Jr. Chemist, U aie) 


Hope, Malcolm C., USPHS, 2000 : i 2 US : 
Massachusetts Ave., N.W., Wash- E. Third & Kilgour Sts., Cincinnati | 
ington 14, D.C. 2, Ohio 

Hopkins, Glen J., USPHS, State | Porges, Ralph, USPHS, Plague Sup- 
Board of Health, Pierre, S. Dak. pressive Measures, 14th Ave. 

Hopkins, O. C., 1204 Park Ave.,| Lake St., San Francisco 18, Calif. 
Richmond, Va. Poston, R. F., USPHS, 151 U. S. 

Hoskins, J. K., San. Engr., USPHS Court House, El Paso, Tex. 

1000 "Mass: ichusetts _Ave., N.W., | Raneri, Ray, San. Engr., 2000 Massa- 
Washington 14, D. c i tts Ave., N.W., Washington 

Ignacio, Krause A., Asst. Engr., 1617 »D.C 
Massachusetts Ave., N.W., Wash- Rice, John E., 161 Ches agente St. 
ington, D. C. » WwW ashington 20, D. ' 


MEMBERSHIP OF MEMBER ASSOCIATIONS 
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Roberts, F. C., Jr.,26 Woodhaven Rd., 
Bethesda, Maryland 

Rogers, Jack C., San. Engr., 
ton County Health Dept., 
ton 29, S.C. 

Ruchhoft, C. C., USPHS, E. 
Kilgour Sts., Cincinnati, 

Schwob, Carl E., Major, 
2000 ‘Massachusetts N.W., 
ington 14, D.C. 

Scott, G. R., San. 
Valley Authority, 
tion, 211 Plaza 
Tenn. 

— Perry C., USPHS, 

dan Rd., Chicago 14, IIl. 

Shaw, Frank R., St. San. Engr., 

USPHS, 2000 Massachusetts Ave. 


Charles- 
Charles- 


Third & 
Ohio 

USPHS, 
Wash- 


Iengr., Tennessee 
Sanitation Sec- 
Bldg., Knoxville, 


2970 Sheri- 


N.W., Washington 14, D. 
Sloan, Garrett, San. Engr., pe 
| 180 Lenox Rd., Brooklyn, be i 
Smith, Russell S., USPHS, Third 


& Kilgour Sts, ‘Souk Ohio 


Snow, Donald L., USPHS, 2013 May- 
view Ave., Cleveland, Ohio 


Solander, Arvo A., Capt., 34 West St., 
Winchendon, Mass. 
Spencer, C. C., ist Lt., Navy 153, Box 


C, c/o Fleet Post Office, New York, 
N.Y. 


Steigman, Harry, City ES Dept., 
City Hall, Sioux Falls, S. Dak. 

Stevens, Donald B., 18 
Ave., Newburyport, Mass. 

Stevenson, Albert H., 39 Lawrence 
Rd., Scarsdale, N. ve 

— Robert E., — 15 Pine 
St., New York 5, N. Y 

Pray Conrad P., 704 Grove St., 
Ivington 11, N. J. 

Streeter, H. W., USPHS, E. 
Kilgour Sts., Cincinnati 2, 

| Tarbett, R.E.,Sr. San. Engr., 

2000 Massachuse tts Ave., 
Washington 14, D. C. 

Terhoeven, G. E., USPHS, 6561 Sher- 
man Ave., Mt. Washington, Cincin- 
nati 30, Ohio 

| i James G., Jr., Capt., USPHS, 

WA 605 Volunteer Bldg., At- 
y wie a, Ga. 
Tetzlaff, Frank, _ Smithdeal Ave., 
Richmond 24, 
| Theriault, E. A Se 
| National — of 
thesda 14, Md. 

Troutman, b= Box 472, Stuttgart, 

rk. 

Van Derwerker, Ralph J., 
mit Ave., Westfield, N. 
Volonte, August F., 911 Piaseit Ave., 

Takoma Park, Md. 

Walker, William W., Capt., 0-511952, 
Unit B., Det. of Patients, 106, 1075 
A.A.F. B.U., Coral Gables 34, Fla. 

Wallach, Arthur, c/o Johnson County 
Health Dept., 5 2 E. Park St., 
Olathe, Kans. 

Weibel, S. R., USPHS, E. Third & 
Kilgour Sts., Cincinnati 2, Ohio 
Wiley, John S., Asst. San. Engr., 206 

W. Benson St., Decatur, Ga. 

Wilson, John N., USPHS, E. Third 
& Kilgour Sts., Cincinnati 2, Ohio 

Woodward, R.L., San. Engr., USPHS, 
611 Lawrence St. N.E., Washington 
17, Dae. 

Wright, Chas. T., USPHS Dist. No. 8, 
617 Colorado Bldg., Denver, Colo. 


Highland 


| 


Third & 
Ohio 
USPHS, 
N.W., 





‘Chie, USPHS, 
Health, Be- 


961 Sum- 


(3) 
7 


Yaffee, C. D., USPHS, c/o State Dept. 
of Health, Div. of Industrial Hy- 
giene, Smith Tower, 506 Second 


Ave., Seattle 4, Wash. 
Zander, Karl L., USPHS, 126 Ramona 
Ave., El Cerrito, Calif. 
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Florida Sewage Works Association 


Mr. J. R. Hoy, Secretary-Treasurer, 404 Hildebrandt Building, Jacksonville, Florida 


Allen, Edw. H., 2611 Forbes 
Jacksonville, Fla. 

Angas, Robert M., Cons. Civil Engr. 
Box 358, Jacksonville 1, Fla. 

Baird, Earle E., 117 E. 
Lakeland, Fla. 

Barnett, M.L., Opr., 
Orlando, Fla. 


212 S. Forest St., 


Bezy, C. Maurice, 225 Cypress St., 


Daytona Beach, Fla. 

Bongiovanni, Jose P., Chief Engr. of 
San. Dept., Municipality of Monte- 
video, Intendencia Municipal de 
Montevideo, Uruguay, S. A. 

Brennan, Ralph F., Supt. 
Works, ne oe Beach, Fla. 

Brown, Everett Currier, Box 195, 
South Daytona, Fla. 

Butler, Leo M., 932 Cleveland St., 
Clearwater, Fla. 

Carothers, Charles H., 521 S.W. 
Sixth St., Miami 36, Fla. 


Chester, Burke, Sr. San. Off., Lake 
Tavares, Fla. 


County Health Unit, 
Clawson, Earl M., Capt., P. O. Box 
1525, Orlando, Fla. 
Connell, Maurice H., 
816 Langford Bldg., 


Cons. Engr., 
Miami, Fla. 


Damerow, Harry W., City Hall, Vero | 


Beach, Fla. 
de Goicoechea, Prof. agp eer = 
cuela de epg Y Arquitec 


Cuba 
de Zevallos, B. Fernando Ortiz, Scell 
354, Miraflores Lima, Peru, S. A. 


Dodd, C. K.S., Cons. Engr., Sarasota, 
Fla. 


Easterday, Conrad G., 302. Hilde- 
brandt Bldg., Jac ksonville 2, Fla. 
Eidsness, Fred A., Asst. San. Engr., 
Fla. State Board of Health, Jack 

sonville, Fla. 


Espinosa-Parga, Roberto, Carrera 
11 No. 65-54, Bogota, Colombia, 
S. A. 

Finley, T. R., Pittsburgh Equitable 
Meter cae 442 Cherokee 


Orlando, Fla. 

Fiveash, Chas. E., Supt. of Plants 
City of Fort Lauderdale, P. O. Box 
1113, Fort Lauderdale, Fla. 

Flanagan, Pat, Box 445, Tampa 1, Fla 

Garland, C. F., Capt., 3 Rosedale Rd. 
West Hartford, Conn. 


Poinsettia Dr., | 


., | Gilbert, J. Miles, 325 E. Broadway, 
East St. Louis, Ill. 

| Giles, tT. Da Je, Box 102, 
Raton, Fla. 

Gillespie, Wylie W., Cons. Engr., 
Box 1048, Jacksonville, Fla. 

Green, Wingate, San. Engr., Post 
Engr’s. Office, Eglin Field, Fla. 


| Hanlon, D. A., Supt. Pub. Works, 824 | 


| News irk St., West Palm Beach, Fla. 
| Harding, Carl G., Pompano, Fla. 
| Harris, H. E., Opr., Box 856, Eau 
Gallie, Fla. 
Hartline, Wm. C., W. First St., 


Water! ford, Fla. 


Higgins, George oa, 5s 3; 

Plumbing & E quipment, Inc., Sara- 

| sota, Fla. 

| Hoy, J. R., Dist. Mgr., Wallace & | 

| Tiernan CG o., Inc., 404 Hildebrandt | 
Bldg., Jz acksonville, Fla. 

Hurtado, J. R., San. Engr., 
Nacional de Obrz as Sanitarias, Esq. 
aw aderes, Caracas, Veneunda, 

A. 


Mics Norman S., Supt., Florida 
State Hospital, Chattahoochee, 
| ia. 


Keller, S. K., Gen. Supt., Pinellas 


| Fla. 
aie L. H., Supt., c/o Florida Utili- 
| ties Corp., Winter Park, Fla 


Lauramore, Horace H., 202 Sesdioiaes. 
lar Life Bldg., 237 W. Forsyth St., 
Jacksonville 2, Fla. 

Leonard, O. M., San. Engr., 835 
Talbot Ave., Jacksonville, Fla. 

| Miller, John B., Acting Dir., Bureau 

| of Sanitary Engineering, 


Leesburg, Fla. 

Noltenius, V. Julio, Avenida Espana, 
804 15 C.O., San Salvador, 
vador, C. A. 

Phelps, Ellis K., 426 S. Eola Dr., 
Orlando, Fla. 

| Pizie, Stuart G., » Sales Engr., Chicago 
Pump Co., 223 S.W. 3ist d 
Miami, Fla. 





County Water System, Clearwater, | 


la. 
Newman, Alfred C., City Manager, | 


El Sal- | 


| Reid, Geo. W., 


1872 Claymore Dr., 
Marietta, Ga. 


Boca | Rice, Clifton L., 714 Claremore Dr., 


West Palm Beach, Fla. 
ee, Chas. E., 


Cons. Engr., 


A. Youngberg & Assoc., Lynch 
Bide. Jacksonville, Fla. 
| Robbins, George T., Opr., Box 53, 


Fort Lauderdale, F ‘a. 


ey J. Herman, San. Engr., Box 
1136, Panama City, Fla. 


~~ Howard R., 939} N. Shine 
, Orlando, Fla. 
San- | St. Toba, Conrad H., Supt., Box 1411, 


Pensacola, Fla. 


Instituto | 


| 


State | 
Board of Health, Jacksonville, Fla. | 
Moorhead, Truman Orren, Tavares, | 


—— Reuben R., c/o Office of the | 


Post Engineer, Avon Park Bombing 
| Range, Avon Park, Fla. 


Green | Sandler, Theodore T., 4742 Sunder- 
| land Rd., 


| Scott, Homer B., 225 N. 


Jacksonv ille, Fla. 

Hollywood 
Ave., Daytona Beach, Fla. 

| Sperling, Elmer J., Supervising Engr., 
1333 McCutcheon, Richmond 
Heights, Mo. 


| Stone, Ralph, Jr., Ass’t San. Engr., 


PHS, agg ead of Health, 
|e facil oy 
Sweeney, 7, cai. Supt. Sewage 


Tr., City Hall, Pensacola, Fla. 


Taylor, D. R., Major, C.E., 1233 
Allendale, Roanoke 14, Va. 

| Tier, J. V., Sr. Opr., Sewage Tr. 
Plant, 635 S.W. 24th St., Ft 
Lauderdale, Fla. 

Timmons, Cyrus L., 
boro Rd., N.E., 

Travers, V. P., San. Engr., 
21st St., Miami, Fla. 

Vickery, John U., Opr., 1537 N.W. 
Fourth Ave., Fort Lauderdale, Fla. 

Vinson, A. T., 225 
Jacksonville, Fla. 

Wells, S. W., ist Lt., San. 
600; W. Market, 
Miss. 

Wild, Harry E., 421 Wisteria Rd., 
Daytona Beach, Fla. 

Williamson, A. E., Major, Sn.C., 1143 
Fourth Ave., Jacksonville Beach, 
Fla. 

| Williamson, Joe, Jr., Cons. Engr., 415 
a Palmetto Ave., Daytona Beach, 
Fla. 

Wilson, F. E., City Hall, 


Fla. 


2813 W. Rox- 
Atlanta, Ga. 


2025 N.W. 


Burgiss Bldg., 


Corps, 
Greenwood, 


Lakeland, 


Georgia Water and Sewage Association 


Mr. VP. 


Angle, J. D., Opr. Engr., Fort Ben- 
ning, 619 Sixth Ave., 

Baker, Hugh L., Cons. Engr., Gnome 
Trail, Lookout Mountain, Tenn. 

Bragg, J. M., Sewage Plant Opr., 308 
First St., Moultrie, Ga. 

Brown, Stuart, Supt. Water Works, 
West Point, Ga 

Bryant, W. G., Supt. Light, Water and 
Sewage, City Hall, Griffin, Ga. 

Cater, Thomas J., Jr., Assoc. San. 
Engr., Warner Robins Air Tech. 
Serv. Com., 104 Thomas Bldg., 
Warner Robins, Ga. 

Champlin, George D., San. Kngr., 
Eng. Plantation Pipe Line Co., 
Healey Bldg., Atlanta 3, Ga. 


ry 


Enloe, Secretary-Treasurer, R. F. 


Columbus, Ga. | 


| Craig, J. D., Supt. Water and Sewage, 
Madison, Ga. 


Davidson, George, Public Health 
Engr., DeKalb County, Decatur, 
Ga. 


Davis, 2- .3., Supt., c/o 
Mills, Inc., Shannon, Ga. 


deJarnette, N. M., Asst. San. Engr., 
State Board of Health, Public 
Health Bldg., Atlanta 3, Ga. 


Drummond, C. E., Cons. Engr., 
Wiedeman & Singleton, P. O. Box | 
1878, Atlanta, Ga. 


Enloe, V. P., Supt., 
iz. Plant, Rt. No. 5, 
Atlanta, Ga. 


Brighton 


Clayton Sewage 
Box 363, 


Fanning, Henry L., Opr., 


| Giddens, S. M., San. Engr., 


| 


D. No. 5, Box 363, Atlanta, Georgia 


1206 Beirne 
Ave., Huntsville, Ala. 


Frith, Gilbert R., Major, U. S. Army 
Sanitary Engr., Dept. of Public 
Health, State Capitol Bldg., At- 
lanta, Ga. 


Corps of 

Engineers, Cochran Field, Macon, 
Ga. 

Gilman, Harry, 609 W. 
Chester, Pa. 


Gran, Dr., John E., School of Chem- 
istry, Univ. of Alabama, University, 
Ala. 


Gromada, =r | Zs 
Central Falls, its 


Third St., 


350 Central St., 





Ke 


Ki 
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Hansell, Wm. A., Jr., 2nd Lt. 0-521- 


051, San. C. 96th General Hospital, 
APO 518, c fo Postmaster, New 
York, N. 


Harris, W. iti Opr., Atlanta Sew- 
age Dept., 163 Clifton St. S.E., 
Atlanta, Ga. 

Hawkins, J. B., Opr. & Chief of Police, 
City Hall, Perry, Ga. 

Henley, M. E., Wallace and Tiernan 
Co., Sta ation E, Box 63, Atlanta, Ga. 

Hicklin, R. G., Cons. Engr., c/o 
Robert & Co., 706 Bona Allen 
Bidg., Atlanta, Ga. 


Houston, W. J., 161 Spring Street 


Bldg., Atlanta, Ga. 

Hurst, D. H., Disposal Plant Opr., 
lifton, Ga. 

Jacobs, J. R., San. Engr., A.A.F. 


Base, Seymour Johnson Field, 808 
Rudolph St., Goldsboro, N. 

Jacobs, L. L., San. 
Gordon, 1510 
Augusta, Ga. 

Job, Richard C., 
Riverdale, Ga. 

Jones, T. A., Supt., Light, Water and 
Sewage, C ity He ill, Fort Valley, Ga. 

Kahn, James M., Infilco Corp., 4730 
Harris Trail, N.W., Atlanta, Ga. 

Kaiser, C. T., R & U Branch, U. S. 
Engr’s., Fourth Service Command, 
Walton Bldg., Atlanta 3, Ga. 

Kent, S. R., Asst. Supt., Sewage 
Tr., Savannah Air Base, P. O. Box 
12, Savannah Beach, Ga. 


Camp 
Rd., 


Engr., 
Pendleton 


Goonhilland Farm, 


King, Earl J., Prin. Opr. Engr., Fort 
Benning, Ga., 4016 Second St.,.| 
Columbus, Ga. 
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Knapp, Henry A., Supt., Intrench- 
ment Creek Sewage Tr. Plant, 
R.F.D. No. 3, Box 119, Atlanta, 
Ga. 

Koruzo, John E., R & U Branch, 
Fourth Serv. Com., Walton Bldg., 
Atlanta 3, Ga. 

Luquire, Joseph W., Jr., 204 Morgan 
Ave., Mobile 13, Ala. 
Naehr, Harry F., P. O. 

Fort Benning, Ga. 

Nickel, Jack B., San. Engr., Tennes- 

see Corp., Lockland, Cincinnati 15, 


Box 1523, 


Ohio 

Nixon, M. B., Supt., Engineers of 
Sewers, City of Atlanta, 301 City 
Hall, Atlanta 3, Ga. 

Prodanovich, Danilo, Lt., Corps of 
Engineers, Fourth Serv. Comm., 


R & U Branch, 50 Whitehall St., 
Atlanta 3, Ga. 

Reaves, S. H., Opr., Hunter Field Br., 
Savannah Air Base, 4015 Wickam 
Terrace, Savannah, Ga. 

Rhodes, T. W., Supt., Water and 
Lights, City Hall, Sylvania, Ga. 
Ritter, Rollin, San. Engr., R & U 
Branch, U. S. Engineers, Fourth 
Serv. Comm., Walton Bldg., At- 

lanta 3, Ga. 

Robinson, Philip L., Supt., 
Springhill Ave., Crichton, Ala. 

Rosser, A. W., Supt., Water and Sew- 
age, City Hall, Cairo, Ga. 

Rozar, W. C., City Manager, City of 
Eastman, Eastman, Ga. 

Scales, E. P., 605 Sterling Court, 
Nashville, Tenn. 

Scott, L. H., Major, U. S. Engr’s., 
R & U Branch, Fourth Serv. Comm. 
684 East Paces Ferry Rd. N.E., 
Atlanta, Ga. 
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Scott, W. R., West Point Manufactur- 
ing Co., West Point, Ga. 

Simmons, M. F., Supt., Water, Lights 
and Sewage, City Hall, Douglas, 

7a. 

Simonton, Lewis R., ee of Water 
Filtration & Sew. Tr., Griffin, Ga. 
Singleton, M. T., Cons. Engr., Wiede- 
man and Singleton Engineers, 1300 
City & Sou. Bank Bldg., Atlanta 

3, Ga. 

Smith, W. Austin, Cons. Engr., Smith 
& Gillespie, P. O. Box 1048, Jack- 
sonville, Fla. 

Sparks, George H., City 


City Engr., 


Hall, East Point, Ga. 

Stringer, R. M., Feenster & Stringer, 
2903 N. State St., Jackson 42, 
Miss. 

Swenson, John P., Capt., Sn.C. 
0-519536, 115th Malaria Control 
Unit, APO 244, San Francisco, 
Calif. 


Taylor, F. W., Sales Engr., Chain 
Belt Co., 1220 Mortgage Guarantee 
Bldg., Atlanta 3, Ga. 

Turley, Comer, Supt., Water and Sew- 
age Dept., Lindale, Ga. 

Weaver, W. H., City Engr., 
lanta Ave., Decatur, Ga. 

Weir, Paul, Asst. Gen. Mgr., Atlanta 
Water Works, 1210 Hemphill Ave. 
N.W., Atlanta, Ga. 

Whelchel, H. E., Supt., 
College Park, Ga. 

Wyckoff, H. A., Prof. 


110 At- 


City Hall, 


of Biology, 


Georgia School of Technology, 
Atlanta, Ga. 
York, Walter H., Opr., San. Super- 


visor, Federal Penitentiary, At- 


lanta, Ga. 


Iowa Wastes Disposal Association 


Prof. L. O. Stewart, 


Supt., 1601 Smith St., 
, Nebr. 


Ames, City “. c/o Charles Alexander, 


Ahrens, G. Ce 
I 


i oln 2 


Supt. of Water Works & Sewage 
Works, Ames, Ia. 
ee Ralph W., 1357 Morton, 


Des Moines 16, Ia. 
Barklage, O. F., Sales Engr., 423 S. 


38th Ave., Omaha, Nebr. 

Bartow, Edward, Prof., Chemistry 
Bldg., State Univ. of Iowa, lowa 
City, Ia. 


Bond, R. G., c/o Engineering Div., 
State Dept. of Health, Des Moines 
19, Ia. 


Clear Lake, City of, c/o James A. 


Buck, Opr. Sewage Works, Clare 
Lake, Ia. 
Crawford, L. C., Dist. Engr., U. S. 


Geological Survey, 508 Hydraulics 
Laboratory, Iowa City, Ia. 

Dagg, Ralph G., Chain Belt Co., Room 
1452, 20 N. Wacker Dr., Chicago 6, 
Ill. 

Dawson, F. M., 
Engineering, Sti ate 
lowa City, Ia. 

Des Moines, City of, c/o Paul Win- 
fred, Supt., S.E. 30th Vandalia Rd., 
Des Moines 17, la. 

Erickson, John E., Supt. Sewage 
Works, Box 645, Story City, Ia. 
Forest City, City of, Herbert Nessa, 
Supt., Municipal Sewage Works, 

Forest City, Ia. 

Ft. Dodge, City of, c/o John W. Pray, 

Supt. of U Itilities, Fort Dodge, Ia. 


Dean of College of 
Univ. of Iowa, 





Ames, Iowa 


Garwood, Kirk, Supt., 
Sew. Works, R.R. No. 4, 
la. 

Green, Howard R., Cons. Engr., H.R. 
Green Company, 208-210 Bever 
Bldg., Cedar Rapids, Ia. 

Hammer, Vernon Benjamin, Asst. 
~~ Engr. (R), USPHS, Dist. No. 
6, San Juan, Puerto Rico 

Howe, Harry, R.F.D. No. 1, Marshall- 
town, Ia. 

Iowa City, City of, c/o Robert D. 
Mott, Supt. Sewage Works, Iowa 
City, Ia. 

Iowa Falls, City of, c/o Guy Burton, 
Supt. Sewage Works, Iowa Falls, 
Ta. 


Municipal 
Grinnell, 


Johnson, Robert T., County 
Hardin County, Eldora, Ia. 

Jungwirth, Frank, Route 2, Newton, 
a. 

Lovell, Clarence, Opr., 415 Washing- 
ton Ave., Waterloo, Ia. 

Lovell, Theodore R., Supt., 210 N. 
Second St., Marshalltown, Ia. 

Nemmers, W. P., Nemmers and Clark 
Cons. Engrs., 207 Masonic Temple, 
Des Moines 9, Ia. 

Newell, Town of, c/o Frank Wieter, 
Sewage Plant Opr., Newell, Ia. 

Newton, City of, c/o H. J. Lammers, 
City Clerk, Newton, Ia. 

Roach, Vincent, Engr., 117 N. Rus- 
sell Ave., ry “ 

Schenk, E. ons. Engr., 

Waterloo Biz. Ww aterloo, Ia. 


Engr., 
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Secretary-Treasurer, c/o Civil Engineering School, Iowa State College, 


Schliekelman, R. J., Lt., Dist. Health 
Service No. 11, Council Bluffs, Ia 


Shapley, William H., Opr., 503 Indi- 
ana Ave., Sibley, Ia. 


Spencer, City of, c/o City Clerk, 
Spencer, Ia. 

Spragg, H. J., Supt., Iowa Great 
Lakes Sewage Works, Box 187, 
Arnolds Park, Ia 

Stanley, C. M., Cons. Engr., Stanley 


Engineering Co., Box 807, Musca- 
tine, Ia. 
Stewart, L. O., 
Engineering, 
Ames, Ia. 
Strelow, J. L., Supt., 
Ridge, Davenport, Ia. 
Swender, Harvey P., 2910 
Blvd., Des Moines 17, Ia. 
Teisinger, Fred, Opr., Cedar Bend R 


Head, Dept. Civil 
Iowa State College, 
1616 Jersey 


Easton 


No. 2, Waterloo, Ia. 

Urick, R. H., 749-32nd St., Des 
Moines 12, Ia. 

Waterman, Earle L., Prof., Civil 


Engineering Dept., 208 Engineering 
Bldg., State Univ. of Iowa, lowa 
City, fa. 

Webster City, City of, Leo, Holtkamp, 
Supt. Sewage Works, Webster City, 
a. 

Wieters, A. H., Dir., Public Health 
Engr. Div., State Dept. of Health, 
Des Moines 19, Ia. 

Wilson, C. T., 1115 W. Fourth St., 
Waterloo, Ia. 
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The Institute of Sewage Purification—England 


Mr. W. F. Freeborn, Secretary, 34 Cardinal’s Walk, Hampton-on-Thames, Middlesex, England 


Allen, F. W., Hacken Sewage Works, 
Great Lever, Bolton, Lancashire, 
England 

Andrews, L., 7 Milton Ave., Graves- 
end, Kentish, England 

Arrowsmith, E. H., Sew. Works, 
Bromwich Rd., Worcester, England 

Artist, L. J., 2 Warren Ave., Porto- 
bello, Wakefield, Yorkshire, Eng- 
lan f 

Balfour, D. & Sons, 45 South St., 
Durham, England 

Barraclough, D. H., Sew. Works, 
Denton, Lancashire, England 

Bennett, W. W., Tame & Rea Drain- 
age Board, Rookery Park, Erding- 
ton, Birmingham, England 

Beswick, G., Sew. Works, Slacks 
Valley, Middleton Junction, Lanca- 
shire, England 

Bolton, J. F., Ames Crosta Mills & Co. 
Ltd., Moss Iron Works, Heywood, 
Lancashire, England 

Box, G. E. P.,52 Cobham St., Graves- 
end, Kentish, England 

Burke, C. E., Sew. Works, Vicarage 
Lane, East Ham, London, E.6, 
England 

Calvert, A., 43 Station Rd., Darnall, 
Sheffield 9, Yorkshire, England 

Cameron, W. M., 67 Towerhill Rd 
Glasgow, W.3, Scotland 


Campbell, J. L., Sew. Disp. Works, | 


Freckleton, Preston, Lancashire, 
England 

Christian, J. A., Sew. Works, Burton 
Grange, Lund Wood, Barnsley, 
Yorkshire, England 

Clay, H., Tame Basin Joint Commit 
tee, Council House, Birmingham, 
England 

Clements, G. S., 51 The Drive, Bex 
ley, Kentish, England 

Clifford, W., ‘‘Maycroft’’ Stourbridge 
Rd., Wombourn, Wolverhampton, 
England 

Cockroft, T. N., Sew. Works, Leigh, 
Lancashire, England 

Cooper, G. F., Sew. Works, Biggles- 
wade, Bedfordshire, England 

Covill, R. W., Sew. Disp. Works, 
Lower Marsh Lane, Surbiton, 
Surrey, England 

Crundall, S. F. W., c/o Peter Spence 
& Sons, Ltd., Nat'l Bldgs., St. 
Mary’s_ Parsonage, Manchester, 
England 

Drummond, A. H., 94 Greencroft Rd., 
Heston, Middlesex, England 

Dyson, R. J. H., Sew. Works, Willow 
Home, Carlisle, England 

Edmondson, J. H., Sew. Works, Win- 
cobank, Sheffield, England 

Elsdon, G. D., Dr., Lancashire Rivers 
Board, 50 Mosley St., Manchester, 
England 

Escritt, L. B., 68 Woodcrest Rd., 
Purley, Surrey, England 

Evans, S. C., Sew. Disp. & Refuse 
Destructor Works, Windmill Rd., 
Luton, Bedfordshire, England 

Finch, J., Sew. Works, Aldwarke, 
Parkgate, Rotherham, England 

Flowers, E., Sew. Works, Finedon, 
Nr. Wellingborough, Northampton- 
shire, England 


| 


Freeborn, W. F., 34 Cardinal's Walk, 
Hampton-on-Thames, Middlesex, 
England 

Freeman, A. L., Westlands, Thursley, 
Godalming, Surrey, England 

Garner, J. H., Brynfield, 28 Aberford 
Rd., Wakefield, Yorkshire, England 

Gibbs, R. C., c/o Dorr-Oliver Co., 
Ltd., Abford House, Wilton Rd., 
(Victoria), London, S.W. 1, Eng- 
land 

Gillard, J. E., Sew. Works, Heathcote, 
Warwick, England 

Goldthorpe, H. H., Sew. Works, 
Deighton, Huddersfield, England 

Hambleton, F. T., Outfall Works, 
Prestbury, Nr. Macclesfield, Che- 
shire, England 

Hamlin, C. H., Sew. Works, E. Hyde, 
Luton, Bedfordshire, England 

Harris, I., 29 Iverness Ave., West- 
cliff-on-Sea, Essex, England 

Harvey, J. B., 1 Motney Hill, Rain- 
ham, Kentish, England 

Henderson E., 11 Woodfield Ave., 
Gravesend, Kent, England 

Hicks, R., Hamilton Sew. Works, 
Bothwell Bridge, Bothwell, Lanark- 
shire, Scotland 

Hirst, J., 65 Teal Rd., Eastbourne, 
Darlington, County Durham, Eng- 

| land 

| Hodgson, E., Irrigation Farm, Har- 

rington Rd., S. Norwood, London, 

S.E. 25, England 

| Hodgson, H. J. N., 22 Brae Rd., St. 

| Georges, Adelaide, S. Australia 

| Holroyd, A., Chem., Dagenham Ur 
ban Dist. Council, Riverside Sew. 
Works, Rainham, Essex, England 

| Howarth, J. P., Sew. Disp. Works, 
Longford Rd., Cannock, Stafford- 
shire, England 

| Hoyle, W. H., ‘Dilkusha’’, 47 Victoria 

Rd., Topsham nr. Exeter, Devon- 
shire, England 

Hunter, A., Sew. Dept., City Cham- 
bers, 50 John St., Glasgow, Scot- 
land 

Hurley, J., Sew. Works, Tettenhall, 
Wolverhampton, England 

Jackson S., 90 Walton Way, Stone, 
Staffordshire, England 

Jennings, A., Sew. Works, Sefton 
Lane, Maghull, Nr. Liverpool, Eng- 
land 

Jones, C. B. O., City of Coventry 
Chemical Laboratory, Whitley, 
Coventry, England 

Kershaw, Arnold, Chippenham Lane, 
Slough, Buckinghamshire, England 

Klein, L., Davyhulme Sew. Works, 
Urmston, Manchester, England 

Lea, J. E., The Lea Recorder Co., 
Ltd., Cornbrook Park Rd., Man- 

chester 15, England 

| Leggett, F. H., Public Health Dept., 
Shire Hall, Warwick, England 
Leigh, H. G., 28 W. Leigh Rd., Black- 

| burn, Lancashire, England 

| Lockett, W. T., West Middlesex Main 








| Drainage Works, Oak Lane, Isle- 


worth, Middlesex, England 
| Longbottom, V., Sew. Works, Denton, 
Gravesend, Kentish, England 
Lovett, M., W. Riding Rivers Board, 
Northgate, Wakefield, York- 
shire, England 


Fowler, G. J., c/o Central Hotel, | Lumb, C., Sew. Dept., Salterhebble, 


Bangalore, S. India 


| Halifax, England 





McNicholas, J., Brockhurst House, 
Bescot Crescent, Walsall, Stafford- 
shire, England 

Makepeace, W. H., Sewer Engineer's 
Office, Leek Rd., Stoke-on-Trent, 
England 

Mercer, H. S., Sew. Works, High 
Wycombe, Bucks, England 

Miller, A. S., Sew. Works, Manor 
Farm, Reading, Berkshire, Eng- 
lan 

Modak, N. V., City Engr., Bombay 
Municipality, Bombay, India 

Monk, H.E., Co. Laboratory, County 
Bldgs., Worcester, England 

Moore, R. L., Brighouse Sew. Works, 
Cooper Bridge, Mirfield, Yorkshire, 
Englan 

Mountfort, L. -» ‘‘Claverings’, 
Montagu Rd., Edmonton, London, 
N.9, England 

Myatt, H., Sew. Works, Toll End., 
Tipton, Staffs, England 

Nixon, J., Sew. Works, Deighton, 
Huddersfield, Yorkshire, England 

Pledger, A., ‘‘Granta,’’ Wolseley Rd., 
Camels Head, Plymouth, Devon 
shire, England 

Poole, S. B., 11 Clive Ave., Dale 
Lane, Whitefield, Manchester, Eng 
land 

Price, D. H. A., Sew. Works, Roch 
Mills, Rochdale, Lancashire, Eng 
land 

Rendell, Theodore, c/o Chivers & 
Sons, Ltd., Histon, Cambridge, 
England 

Reynoldson, T. B., No. 6 Flat, 31 
Cromer Terrace, Leeds 2, England 

Scott, W., Sew. Works, Bury, Lanca 
shire, England 

Sellers, A. E., The Homestead, New 
some Rd. S., Huddersfield, York 
shire, England 

Shard, R. H., Sew. Works, Millbrook 
Point, Southampton, England 

Sidle, R. S., 117 Stanford Rd., Nor 
bury, London S.W 16, England 

Smith, G. C., Sew. Works, Campbell 
Rd., Swinton, Manchester, Eng 
land 

Snook, W. F. A., Bretons Farm, Rain 
ham Rd., Rainham, Essex, England 

Spriggs, W. R., Holmes _ Pumping 
Station, Wheatley, Doncaster, 
Yorkshire, England 

Stanbridge, H. H., Sew. Works, Hook 

d., Epsom, Surrey, England 

Staynes, E. H., Sew. Works, Mitchell 
Laithes, Dewsbury, Yorks, Eng 
land 

Stoker, E. C., ‘“‘Ridgemead,’’ Lyne 
Farm, Chertsey, Surrey, England 

Stone, A. R., Stoke Farm, Stoke 
Bardolph, Nottingham, England 

Sutton, R. W., Co. Analyst, County 
Offices, St. Mary’s Gate, Derby, 
England 

Taylor, H., Stalybridge and Dukin 
field, Joint Sew. Works, Bradley 
Hirst, Dukinfield, Cheshire, Eng 
land 

Taylor, J., ‘‘Langwood,”’ Foxdenton 
pone Chadderton, Oldham, Eng 
land 

Thatcher, H. D., Lismore, 17 Foley 
Rd., Strettly, Birmingham, England 

Thomas, A., Borough of Buxton, Sew. 
Disp. Works, Ashwood Dale, Bux 
ton, England 
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Townend, C. B., W. Middlesex Drain- 
age Works, Oak Lane, Isleworth, 
Middlesex, England 

Veale, J. C., 50 Flemingate, Beverley, 
East Yorkshire, England 

Ward, A. R., Sew. Works, 
Farm, Chez adle Heath, 
England 

Watson, C.K.F.,c/o Mr. J. F. Bolton, 
Ames Crosta Mills & Co., Ltd., 
Heywood, Lancashire, England 


Heathside 
Stockport, 
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Watson, H., Sewerage Engineer’s 
Office, Civic Hall, Leeds, England 
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Windridge, M. E. D., 79 Kewbridge 


Crescent, Wolverhampston, Straf- 
fordshire, England 


Watson, W., Sew. Works, Dockfield, | Winsor, C. E., Laburnam Villa, Kings- 


Shipley, Vorkshive, England 


Weir, E. McG., 1 Underly St., Burn- 
ley, Lancashire, England 

Weston, H. S., 142 Hayes Lane, | 
Bromley, Kentish, England 


Wishart, J. M., Rivers Dept., 


Wontner-Smith, H., 


bury Rd., Minworth, Birmingham, 

England 

Town 

Hall, Manchester, England 
Sew. 

Shipley, 


Works, 


Esholt Hall, Nr. York- 


shire, England 


The Institution of Sanitary Engineers—England 


Mrs. E. N 


Ashby, E. Hamilton, FSE, MISE, 
MRIPHH, Cons. Engr., 
House, 139 Sloane St., 


S.W. 1, England 


London, 


Aslamidis, A., 25 Woodland Terrace, | 


Charlton, S.E.7, England 


Balsom, E. V., ng’ Victoria St., West- 


minster, S.W. 1, London, England 
Barclay, W. G., peg San. IMISE, 
‘Carlisle’, 71 Wensleydale Rd., 


Hampton, Middlesex, England 
Blizard, W. E., 25 Victoria St., London 


S.W. 1, England 
Brassey-Edwards, S., c/o Messrs. 
Ames Crosta Mills & Co., Ltd., 


\bbey House, Victoria St., London, 
S.W. 1, England 

Brown, W. Fillingham, B.Sc., AMICE, 
MISE, Claxton, Copthorne Rd., 
Richmansworth, Herts, England 

Clark, H. W., 21a, Northgate, Louth, 
Lincolnshire, England 

Collard, A. E., 24 P Mary’s Rd., 
E aling, London, W. 5, England 

Collins, A. J., 44 abi Rd., Fulwell 
Park, Twickenham, Middlesex, 
England 

Coombs, E. P., ” Victoria St., West- 
minster, S.W. , London, E ‘ngland 
Cotterell, G.T., poy Cotterell & Son, 
54 V a St. ., Westminster, Lon- 
don, S.W. 1, England 


Ge orgian 


| Ely, E. H., B.Sc., 


| Humphreys, G., Howard, 7 


| Lindsley, R. V., 





I. Kerry, Acting Secretary, 118 Victoria Street, Westminster, S.W. 


32 Grove 
"Middlesex, 
Assoc.M.Inst., C.E., 

AMISE, 14 Spenser Rd., Herne 

Hill, London, S.E. 24, England 
Faulkner, T. G., Esq.,41 Wantage Rd. 

Didcot, Berkshire, England 
Gregory, L. L., Corp. 

Salisbury, Wiltshire, 
Haworth, W. D., Res. 

istry of W orks, 

Wigan, England 
Hesford, L., M.R.San.IFISE, ‘‘Dor- 

lan,’’ Scalford Rd., Melton Mow 

bray, Leicestershire, England 
Hodges, H. E. W., M.R.San.I., 

AMISE, 67 Longlands Park Cres- 

cent, Sidcup, Kent, England 


| Easdale, W. C., 
T eddington, 


Sew. Works, 
England 

Min- 
Hall, 


Engr., 
Standish 


Square, Reading, Berkshire, Eng- 


land 


Langshaw, C. L., The Public Hea alth | 


Engrg. Unit of the Windward and |} 
Leeward Islands, Scott St., Gren- 
ada, British West Indies 

PASE, M.R., Sa 

4 Bloomfield Rd., eee 
England 


AMISE, 
ley, Birmingham, 


McDonald, G. S., 359 Birmingham | 
Birmingham, | 


Rd., Wylde Green, 
England 


Gardens, ; Moore, F. Owen, 
England 


Porteous, W. K., 


Sciver, A., 28 Victoria St., 





; Taylor, Godfrey, M.C. 


Eldon | 
Watson, David M., 


White, R. H., 46 Heliers Ave., 


Williams, G., 


1, London, England 
> 


Rich- 
Eng 
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Barnes, S. 


Upper 
mond Rd., W. 15, 
land 


Murray, A. E. Scott, Esq., Barnfield, 


Blyth Rd., Bromley, Kent, England 
6 Netherton Rd., 
St. Margarets, Twickenham, Mid- 
dlesex, England 


London, 


S.W. 1, England 

Streeter, S. H., Capt., ‘‘Santasu,”’ 
Warren Rd., Guildford, Surrey, 
England 

Summers, M. W., Assoc. M. Inst. 
CEAM Inst. W.E. FISE, ‘Arran’, 


Broom Way, Oatlands Parks, 
bridge, England 


W ey 


M. Inst.C.E., 
FISE, Artillery House, Artillery 
Row, Westminster, S.W. 1, London, 
England 

3 Old Queen St., 
Westminster, S.W. 1, England 


| Westwood, H. W. D., Sc.(Eng) FRSA, 
1 





176 Station 
"Bir mingham, 


Assoc. M. Inst. C 
Road, Wylde Green, 
England 

Houns 
England 

Killay House, 
Bexhill 


low, Middlesex, 
Bransby, 
Kewhurst Ave., Cooden, 
on-Sea, England 


Kansas Water and Sewage Works Association 


Mr. Paul D. Haney, Secretary-Treasurer, c/o University of Kansas, Room No. 2, Marvin Hall, 


Brethour, Herman, 822 West Iron 
Ave., Salina, Kans. 

Collar, Ira T., Jr., Neptune Meter Co., 
2107 Gre and Ave., Kansas City 8, 
Mo. 

Daniels, E. W., Utility Comm., City 
of Emporia, Emporia, Kans. 

Diehl, F. D., Supt. of Utilities, 
McPherson, Kans. 

Duffy, Ora, Supt., 
Ground, Earl H., 
land, ‘Kans. 
Hagar, C., Major, Municipal Water 
Dept., 11th & Massachusetts, 

Lawrence, Kans. 

Haney, Paul D., Actg. Chief Engr., 
Room 2, Marvin Hall, Univ. of 
Kansas, Lawrence, Kans. 

Harr, Neal, City Engr., McPherson, 
Sans. 

Heinrikson, J. Ie 
Kansas City 2, 


Holton, Kans. 
City Clerk, Good- 


Theos Madison, 





Lawrence, Kansas 


Janzen, H. A., San. Engr., 
Bldg., Topeka, Kans. 

Kaler, P. E., 1522 W. 
Kans. 

Mitchell, Ansel N., 310 Ward Park- 
way, Kansas City 2, Mo. 


16th, Topeka, 


Nixon, Ray, Water Supt., Herington, 


ans. 

Priess, LeRoy, City Manager, Sterling 
Kans. 

Rawding, Roy, Supt. of 
Sewers, Smith Center, 

Rector, K. E., 943 Mulvane St., 
Topeka, Kans. 

Reeve, S. P., Black & Veatch, Cons. 
Engr., 4706 Broadway, Kansas 
City, Mo. 

Remsburg, W. N., c/o The American 
Well Works, 400 B.M.A. Bldg., 
Kansas City, Mo. 


Water & 
Kans. 


Municipal , 





Rogers, Milford E., Builders-Provi- 
dence, 9 Codding St., Providence, 
oe 

Spaeth, Julius, Supt., 
Salina, Kans. 

Staley, H. H., Cons. Engr., 
Milbern, Houston 4, Tex. 

Strang, J. A., Wallace & 


116 W. Kirwin, 
3226 


Tiernan 


Sales Corp., 506 Dwight Bldg., 
1004 Baltimore Ave., Kansas City 
6, Mo. 


Sulentic, S. A., Cons. Engr., 327 New 
England Bidg., Topeka, Kans. 

Svenson, Sven, U.S. Pipe & Foundry 
Co., 2105 Bryant Bldg., Kansas 
City 6, Mo. 

Timanus, C.S., Burns & McDonnell 
Engr. Co., 107 W. Linwood Blvd., 
Kansas City, Mo. 

Van Blarcum, B. H., Water Supt., 
Manhattan, Kans. 

Wilson, Murray A., Wilson & Co., 
Engrs., P. O. Box 518, Salina, Kans. 
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Maryland-Delaware Water and Sewerage Association 


Miss E. Virginia Gipe, Secretary-Treasurer, c/o State Department of Health, 
§ Pp t I 


241 


Alden, John W., Asst. City Engr., 
Room 260, City Bldg., Wilmington 
33, Del. 

Armeling, Geo. K., Supt., Back River 
Sewage Tr. Plant, Colgate, Md. 
Beaven, B. E., c/o J. E. Greiner Co., 

1201 St. Paul St., Baltimore 2, Md. 

Bingley, W. M., Capt., Sn.C., Post 
Surgeon’ s Office, Fort S. am Houston, 
Tex. 

Enoch Pratt Free Library, Periodicals 
Dept., Cathedral, Franklin & Mul- 
berry Sts., Baltimore 1, Md. 

Field, James W., Office of Chief of 
Engineers, War Dept., 1639 Tem- 
porary H Bldg., 23rd and C Sts. 
N.W., Washington, D. C. 

Finck, G. E., San. Engr., Bureau of 
Sewers, 312 Municipal Bldg., 
Baltimore 2, Md. 

French, A. H., Congoleum Nairn 
Inc., Cedarhurst, Md. 


1 N. Charles St., 


Hall, Harry R., Chief Engr., Washing- 
ton Suburban San. Dist., Hyatts- 
ville, Md. 

Hicks, R. H., Sewage Disposal Plant, 
Fairchild Aircraft Corp., R.F.D. 2, 
Hagerstown, Md. 

Hopkins, E. S., Major, 4402 Roland 
Ave., Baltimore, Md. 

Kaltenbach, Albert B., San. Engr., 
4122 Kathland Ave., Baltimore 7, 
Md. 

Keefer, Clarence E., Assoc. Engr., 408 
Kensington Rd., Baltimore 29, Md. 

Kenny, Norman D., Assoc. Engr., 
Whitman, Requardt & Smith, 1304 
St. Paul St., Baltimore 2, Md. 

Maryland State Dept. of Health, 
Bureau of San. Engr., 2411 N. 
Charles St., Baltimore 18, Md. 


Munroe, Walter C., Chief Engr., 
Anne Arundel County San. Comm., 


Baltimore, Maryland 


Posey, James, Cons. Engr., 10 FE. 
Pleasant St., Baltimore 2, Md. 

Potter, H. M., American Well Works, 
3119 Milford Ave., Baltimore 7, 

Powell, S. T., Cons. Chem. Engr., 
Professional Bidg., 330 N. Charles 

, Baltimore 1, Md. 

Parad Roy H., Civil Engr., Whitma: 
Requardt & Assoc., 1304 St. Paul 
St., Baltimore 2, Md. 

Sklarevsky, Rimma, Opr., Back River 
Sewage Tr. Works, Colgate, Md. 
Smith, Paul L., Opr., 5404 Tramore 

Rd., Baltimore 14, Md. 


Stevens, Harry, 7017  Saee St. N.W., 
Washington 12, D. 

Trautman, Robert te Assoc. Engr., 
Bureau of Sewers, 1810 E. 29th St., 
Baltimore 18, Md. 


Volonte, August F., Assoc. San. Engr., 





Funk, John B., City Engr., Bruns- Navy Dept., Bureau of Yards and 








wick, Md. Glen Burnie, Md. Docks, 911 Prospect Ave., Takoma 
Gardner, Clarke, City Engr., Salis- | Neale, William F., Asst. Engr., Whit-| Park, Md. 

bury, Md. man, Requardt & Assoc., 812 A] Wolman, Abel, Prof. of San. Eng: 
Genter, Albert L., Cons. Engr., Wy- Wilson Point Rd., Baltimore 20, Johns Hopkins Univ., Latrobe Hall 

man Park Apts., Baltimore 18, Md. Md. Homewood, Baltimore 18, Md. 


Michigan Sewage Works Association 
Mr. R. J. Smith, Secretary-Treasurer, 545 Elizabeth Street, East Lansing, Michigan 


Adams, Milton P., Exec. Sec. & Engr., | Crooks, Howard, 441 Sheridan Rd., | Gray, Earl G., 1210 S. Harvey, Pl 


State Office Bldg., Lansing, Mich. Menominee, Mich. mouth, Mich. 
Anderson, R. A., Supt. Sew. Tr. | Damoose, N.G.,Supt., Dir. of Public | Greenberg, R. J., City Mer., Sturgis, 
Plant, 1433 Seventh St., Muskegon Service, Battle Creek, Mich. | Mich. 
Hts., Mich. | DeHooghe, Bernard A., 212 S. Sixth | Greene, R.A., Supt., 511 N. Elm Ave., 
Anderson, Virgil, Supt., 18330 Trinity, | St., Gladstone, Mich. | Jackson, Mich. 
Detroit 19, Mich. Demorest, S. L., 216 E. Cherry St., | Conall, Russell, Supt., Municipal 


Beltz, Harold H., 1124 E. Grand | Mason, Mich. | .. Birmingh: im, Mich. 

River Ave., Lansing 6, Mich. ae | Dennis, Carl E., City Mgr., Rockford, Prereng Michael A., Supt., Sew. Tr. 

Benner, Hugh A., City Engr., Sagi-| Mich. | Plant, Greenfield & Butler Aves 
naw, Mich. | Dodge, H. P., San. Engr., 729 Emer- Dearborn, Mich. 

Beukema, Robert, Opr., Sew. Tr. son, Saginaw, Mich. Habermehl, C. A., 14521 Strathmo 
Plant., Zeeland, Mich. Dorr, Fred, Opr., P. O. Box 17, Royal Detroit 27, Mich. 

Bower, Stanley, Supt., Sew. Tr. Oak, Mich. Hansen, Alfred E., Cons. Engr 
Plant, 111 Pearl St., Ypsilanti, Dowd, Ira, 1813 Belle Ave., Flint, Michigan Theatre Bldg., Muskegon, 
Mich. Mich. Mich, 

Bowers, T. C., 202 E. Ganson St.,| Doyle, Thomas J., Supt., 274 E.| Hargraves, Z. D., Oakland County 
Jackson, Mich. Boule vard N., mee Mich, |" “T/B. San., Pontiac, Mich. 

Boyce, Earnest, Prof., Mun. & San. | Durand, Edwin M., 724 Ethel Ave., | Hauer, Gerald E., 592 S. Third St., 
Engr., 306 W. [eee Bidg., | es S.E. gg wee gt pis, 7. ‘eisai Middleport, Ohio 
Ann Arbor, Mich. | if 207 N Clay & 

# ; paren oseph, Box 565, | Hayward, Homer J., 227 N. Clay St., 

Boyd, J. fr 442 Grant St., Grand | Spring Ps J _ * ~h. Cea Delphos, Ohio ‘ 

Haven, Mich. , - SE Re ere ee 
J 5 : Bldrid e, E. F., Cl 1302 E. Fifth | Hazey, George, Supt., Chlorinatio 

Bradley, L. R., 312 Whitman Ct., | S'S Salt Dike Cy 2.U tah sini Plant, Mz arine City, Mich. 
Buchanan, Mich. ' Fotcor 

< . : ‘ on busch, R. P., 1032 Vaughn St., | Herda, N., Utilities Supt., Kaiser 

Bulthuis, Herbert, Chem., Board of | lerbusch, Aas ina Frazer Corp., Willow Run, Mich. 
Public Works, Holland, —e Fishbeck, Kenneth, 2117 W. St. | Hicks, Cyril, Richmond, Mich. 

7, ong i co - e ine Joseph St., Lansing, Mich. | Hilbert, Morton S., Henry Ruff Rd., 

ar a : Forton, R. Gerald, Supt., 319 Barlow, | Wayne Co. Health Center, Eloise, 








ree, J. Fax "- rr = oy Traverse City, Mich. Mich. 
silanti State Hospital, ¥ psilantl, : aeee . fie 
Mich. | Francis, Geo. W., Cons. Engr., Francis | Hillis, Leonard, Supt., 431 Madison 


Engineering Co., Eddy Bldg., Sagi- St., Caro, Mich. 


Stew: ae 
Cameron, A. B., 216 Steward, Jack naw. iach. 


son, Mich. Hirn, William C., San. Engr., 532 
Chamier Albert, Opr., 20240 Meyers | Garvelink, Frank, Lawton, Mich. Michigan Bldg., Detroit, Mich 

Rd., Detroit 21, Mich. Gentsch, Edward, 3119 Harrison, | Holtz, William, 2875 Mountain Rd., 
Christianson, A. C., San. Supvr., 711 | Detroit 16, Mich. Rochester, Mich. 

First Ave. North, Escanaba, Mich. a ek +. eae Sewage Plant, | Hubbell, George “ = a 3 
Clark, M. S., 1853 E. Beardsley, Elk- Monroe, Mich. Hubbell, Roth an ‘lark, 26 

hart, Ind.” ; Graham, James E., Opr., Berrien | Buhl Bldg., Detroit 26, Mich. 
Cosens, Kenneth W., Prof., Dept. of Springs, Mich, Hunt, H. S., Cons. Engr., c/o Fargo 

Civil Engrg., Mich. State College, | Granger, Geo., City Mgr., Grayling, Engr. Co., 120 Mic higan Ave. W., 

East Lansing, Mich. Mich. Jackson, Mich. 








Li 


Le 
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Vol. 


Ingols, Robert S., Chem., Univ. of 
Michigan, Sc hool of Public Health, 
Ann Arbor, Mich. 

Jackson, BR: Bs, S27 W. 
Jackson, Mich. 

Jackson, T. L., St. Ignace, Mich. 

Kamerling, Lane, 194 E. Seventh St., 
Holland, Mich. 

Kelley, R.E., Supt., 
Sturgis, Mich. 

Kronbach, Allan J., 11 E. 
Monroe, Mich. 

Kunze, Albert T., San. ? 
Central Ave., Wyandotte, Mich. 

Leemaster, J. F., Supt. Sew. 
Jackson Prison, Jackson, Mich. 

Leonhard, Harold M., 517 Kensington 
Ave., Flint, Mich. 

McFarlane, W. D., 


Ganson St., 


119 S, Maple St., 
Noble, 
Engr., 797 


ae; 


Asst. Civil Engr., 


14365 Marlowe Ave., Detroit 27, 
Mich. 
McGrath, C. P., Supt., 116 Clinton 


Mich. 
520 E. 


St., Mt. Clemens, 
McKenna, Harold K., 
St., Flint, Mich. 

Main, Ralph A., 
Birmingham, Mich. 
Mallmann, W. L., Dept. of 
Michigan State College, 
Lans Mich. 
st E.B., Cons. +a 
, Hac ‘ens ick, 
J. C., Supt. Se wage 
, Charle voix, Mich. 
D. C., Cons. Engr., Ayres, 
; Norris, & May, Wolverine 
Ann Arbor, Mich. 
Robert C., San. Div., 
Co., Milwe aukee 4, Wis. 
sein. H. L., Chain Belt Co., 7338 
Hamilton Ave., Detroit 2, Mich. 
Miller, H. E., Prof., School of Public 


Third 


1819 Fairview, 
Bact., 
East 
ing, 
85 Zabri 


Marshall at 





—- Chain 


Health, Univ. of Michigan, Ann 
Arbor, Mich. 
Miller, John E., Asst. Engr., Bldgs. 
& Co snstruction Div., State Ad 
iinistrative Bd., Lansing 13, Mich. 
Miller, Norman A., 4733 W. Jefferson, 
iton, Mich. 
Moe, Louis, Civil Engr., & Survr., 
717 Superior St. Wy: indotte, 
Mi h 


MEMBERSHIP OF 


Mogelnicki Stanley J., Supt., 
Chancy Ave., Flint, Mich. 
Morrill Arthur B., Supt., 13563 Bir- 

wood Ave., Detroit 4, Mich. 
Mosier, J. F., c/o Board of Public 
Works, Allegan, Mich. 
Mudgett, C. T., Supt., Sewage Tr. 
Works, Muskegon, Mich. 
Myles, George, Supt., Public Works, 
Tawas City, Mich. 
Nelson, H.G., Opr., Sewage Tr. Plant, 
Ludington, Mich. 
Norgaard, John, Cons. Engr., 
18th St., Arlington, Va. 
Oeming, L. F., c/o Michigan Stream 
Control Comm., Lansing 4, Mich. 
Ohr, Milo F., Chief San. 1928 
Riverside Dr., Trenton, 
Orton, J. W., Asst. Civil Engr., 
Sorrento, Detroit, Mich. 
Palmer, C.L., Assoc. Civil Engr., 1409 
Baldwin Ave., Detroit 14, Mich. 
Pierce, W. E., Supt. Sewage 
Works, Whitehall, Mich. 
Pomeroy, Clarence, Hartford, Mich. 
Porter, Sam. D., Shoecraft, Drury, & 
McNamee, Cons. Engrs., Ann Arbor 


1330 


931 S. 


Engr., 
Mich. 


18920 


at. 


Mich. 

Post, H. H., City Clerk, Buchanan, 
Mich. 

Potts, Harry G., P. O. Box 32, Wyan 
dotte, Mich. 


Waste Disposal, 
Midland, Mich. 
St., 


Powers, Thomas J., 
Dow Chemical Co., 

Raymond, Nelson I., 610 Pine 
Owosso, Mich. 

Reames, H. S., Village Clerk-Treas. 
Grand Ledge, Mich. 


| Reedy, Timothy D., Supt., Sewage 





rr. Plant, 2422 Miller Rd., Flint, 
Mich. 

Reiman, F. J., 14667 Garland, Ply- 
mouth, Mich. 

Reynolds, M. W., City Hall, Durand, 
Mich. 

Richard, Joseph, Plant Mgr., Morgan 

| Hts. San., Marquette, Mich. 

Ridenour, G. M., Ph.D., Assoc. Resi- 
dent Uecturer, School of Public 
Health, Univ. of Michigan, Ann 
Arbor, Mich. 


| Ritter, Bruce, Supt., Sewage Tr. Plant, 


Lake Odessa, Mich, 


MEMBER ASSOCIATIONS 
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Rumsey, James R., Supt., 1325 36th 
St. S.E., Grand Rapids, Mich. 

Shannon, R. C., Brighton, Mich. 

Shephard, W. F., Mich. Dept. 
Health, Lansing, Mich. 

Smallwood, Charles, Charlotte, Mich. 

Smith, Earl T., Steward, Lapeer State 
Home & Training School, Lapeer, 
Mich. 

Smith, Harold L., 525 Center, Alma, 
Mich. 

Smith, Robt. J., 545 
East Lansing, Mich. 

Smith, S. H., Supt. Board of Public 
Works, South Haven, Mich. 

Smith, Walter E., Wallace & Tiernan 
Co., Inc., 415 Bri ainard St., Detroit, 
Mich. 

Snedeker, L. LaVerne, City Chem., 
150 S. McKenzie St., Adrian, Mich. 

Stark, Louis, 434 Jackson St., Peto- 
ske ay Mic h. 

sa ag? Paul, Supt., 

, Midland, *Mich. 
ani Frank R., Prof., Civil Engr., 
Div. of E ngineering, Michigan 
State College, East Lansing, Mich. 

Tompkins, Lloyd, Supt., Sewage Tr. 
Plant, State Home & Training 
School, Coldwater, Mich. 

Tykosky, Frank, 4588 Greenfield, 
Dearborn, Mich. 

Venn, Frank, Opr., 

Weeber, Earl R. 
Houseman Bidg., 
Mich. 

Wightman, J.L., Dir. of Public Works, 
City Hall, Benton Harbor, Mich. 
Williams, S. J.,Supt. of Public Works, 

Menominee, Mich. 

Williams, W. B. “9. Cons. Engr., Willi- 
ams & Works, County Bldg., Grand 
Rapids 2 , Mich. 

Witcher, C. Preston, Supt., Sewage 
Tr. Plant, Ann Arbor, Mich. 

Wolterink, Paul, Mead Johnson Co., 
Zeeland, Mich. 

Wyllie, George F., Supt., 
Ave., Lansing 15, Mich. 

Zimmer, W.E., City Engr. 
Engineering Co., Mason, 


of 


Elizabeth St., 


1420 W. Main 


Pentwater, Mich. 
Cons. Engr., 356 
Grand Rapids 2, 


1625 Sunset 


, Wo'verine 
Mich 


Missouri Water and Sewerage Conference 


Ir. Warren Kramer, 


Archer, E. T., Cons. Engrs. 114 W. 
10th Bldg., Room 410, Kansas City, 
Mo. 


Barringer, Tiss 


Clayton, Mo. 

Brown, Cleo, Supt., Water Works, | 
Harrisonville, Mo. 

Carl, Charles E., Capt., 0-518254, 
Sqdn. E-1, L aredo Army Air Field, 
Laredo, Tex. 

Collison, Okla C., Chief Engr., South- 
west Sewage Tr. Plant, Rt. No. 7, 


Box 406, Springfield, Mo. 
Coyne, James J., Capt., Sn.C., 


6169, 2144th A.A.F. B.U., Moody | 
Field, Valdosta, Ga. 
Filby, E. L., Prin. Asst., Black & 


Veatch, Cons. Engrs., 4706 Broad- 
way Blvd., Kansas City, Mo. 
Fuller, H. L., Civil Engr., 420 E. 73rd 
Terrace, Kansas City, Mo. 
George, J. E., Supt., Water 
Utilities, Odessa, Mo. 


& Elec. 


Secretary-7 reasurer, 


7927 Forsythe Blvd. 
| 


0-851- | 


Sewage Works, Lamar, Mo. 
Harwell, Glen A., 
Engr., Laclede Co. 
Lebanon, Mo. 
Haskins, Charles A., Cons. Engr., 
Finance Bldg., Kansas City, Mo. 
Hayob, Henry, Supt., Tf: 


Public 
Health Dept., 


Sewage 


Marshall, Mo. 

Hogan, M. S., Supt., 
Dept., West Plains, Mo. 

Homan, Arthur R., Assoc. Engrs., c/o 
Post Engr., Camp Clark, Nevada, 
Mo. 

Horner & Shifrin, Cons. Engrs., 803 
Shell Bldg., St. Louis, Mo. 

Horton, Roland, 153 S. Laclede Sta. 
Rd., Webster Groves 19, Mo. 

Howard, R. R., Supt., Water Works, 
Slater, Mo. 


Huntress, C. O., 


Water & Light 


604-11 Street, Bar- 





tlesville, Okla. 


c/o State Office Building, Jefferson City, 
Hale, Harry C., Supt. of Lamar, Mo. | Jenner, George aoeg 


Health | a Warren A., 


Plant, Marshall Municipal Utilities, | 





Missouri 


Baden Station 

No. 4, St. Louis, Mo. 

825 Frances St., 

. Joseph, Mo. 

se. William Q., State Board 
Health, Jefferson City, Mo. 

Kropp, George W., 8025 
Ave., Clayton, Mo. 


Kruegel, J. L., City Hall, 
Mo. 


of 
Forsythe 
Kirkwood, 


Krueger, A. L., 
son, Mo. 

Lindell, O. V., The Dorr Co., 
LaSalle St., Chicago, III. 

Loelkes, Geo. L., Supt., P. O. Box 267, 
Clayton 5, Mo. 

Patterson, J. R., 28 E. Cedar Ave., 
Webster Groves 19, Mo. 

Reuschel, Earl R., 2908 Clifton, St. 
Louis 9, i 


Russell, George, Cons. Engr., 7005 
Lindell Blvd., St. Louis 5, Mo. 


115 Maple St., Fergu- 


221 


N. 
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Russell, George S., Russell”& Axon, | Shockley, C. A., Cons. Engr., 203 


Cons. Engr., 6635 Delmar, Univers- 


ity City 5, Mo. 


St. Louis County Hospital, Clayton, 


IVLO. 


St. Louis Public Library, Olive & 14th 


Sts., St. Louis, Mo. 


Reliance Bldg., 216 E. Tenth St., 


Kansas City 6, Mo. 
Swink, Earl M., 314 W. First St., 
Farmington, Mo. 


Thatcher, E. F., City Hall, Ferguson, | 


Seaver, Wirt D., San. Engr., R.R. No. | Mo. 


4, North Kansas City, Mo. 





March, 1946 


Van Deventer, M. S., c/o —— & 
Co., 4903 Delm:z ar Bivd., St. Louis, 
Mo. 

Vogelbein, Charles J., St. John’s 
Overland Sewer Dist., R.F.D. No, 
7, Overland, Mo. 

Wright, Edward C., Chem., 308 EF, 

Main St., Neosho, Mo. 

| Wymore, Allan H., 2908 Joplin St. 

! Joplin, Mo. ° 


Montana Sewage Works Association 


Mr. H. B. Foote, Secretary-Treasurer, 


Arnold, E.L.,Supt., City Sewer Dept., 


P. O. Box 225, Glasgow, Mont. 
Battles, L. C., Supt., 
Mont. 
Border, Wm. R., Supt., 304 E. 
St., Bozeman, Mont. 
Brandis, E. E., Box 306, Chinook, 
Mont. 


Chrysler, K. L., City Hall, Billings, 


Mont. 


Cobleigh, W. 
College, Bozeman, Mont. 


Cortese, J. R., Supt., Water Dept., | 
P. O. Box 877, Livingston, Mont. 
Corwin & Company, Inc., Cons. Engrs. 
413 Medical Arts Bldg., Great Falls, 


Mont. 


Cory, J. C., Cons. Engr., 
Miles City, Mont. 


Cotner, F. B., Montana State College, 


Bozeman, Mont. 


Box 637, | 
| Pearce, Fletcher, Prof. of Engr., | 


Division of Sanitary Eng 
Helena, Montana 


re Earl, 502 Power Block, Helena, 
ont. 


Stevensville, | Ever, C. E., City Hall, Glendive, 


font. 


Koch | Foote, H. B., State Board of Health, 


Helena, Mont. 
| Hall, John W., Civil Engr., Fort 
Sh: aw, Mont. 


Hazen, John B., Supt., Butte Water 


| Co., Butte, Mont. 
Lovell Clay Products Co., Lovell, 


M., Montana aa Wyo. 


| Marcott, D. G., Supt., Columbus, 
Mont. 

| Millensifer, R. W., 2300-5 Ave 
Great Falls, Mont. 

| Palmer, F. F., City Engr., Box 486, 
| Forsyth, Mont. 


Parks, Ed., Opr., Harlem, Mont. 





Northern Montana College, Havre, 


| 
1 Mont. | 


ineering, State Board of Health, 


[ E. J., City Engr., Havre 

Mont. 

| Plummer, M. W., Supt., 124 W. 

Granite, Butte, Mont. 

Porter, J. W., Mech. Engr., The 
Porter Plumbing and Heating Co., 

|} 405 First Ave. S., Great Falls, 

| Mont. 

arr E., Civil Engr., 533 Spruce 

| Berkeley 7, Calg. 

‘diem, J. M., City Engr., City H 
Lewiston, Mont. 

Schrader, Elmer C., Supt., 
Denton, Mont. 


Box 944, 


N., | Strong, A.L., Box 1700, Helena, Mont 


| Swearingen, W. H., City Engineer's 
Office, Missoula, Mont. 

Voden, Stewart, Chem., 1405 Sevent 
Ave., S. Great Falls, Mont. 
een, K. J., Opr., Route 

Kalispell, Mont. 


New England Sewage Works Association 


Mr. Walter I 


Boston, Massachusetts 


Abrams, M. . , 17 Battery Place, New | Bond, Philip E., Cons. Engr., - 


York, 

Adcock, ll C., Opr., 127 Clinton 
Ave., New Haven 13, Conn. 

Alden, Clifford, E., Foxboro Co., 
Neponset Ave., Foxboro, Mass. 

Avery, N. C., Major, Supvr. of Plant 
and Maint., Southbury Training 
School, Southbury, Conn. 

Bahr, Raymond F., 41 Greenway St., 
Hamden, Conn. 

Baird, Charles O., Jr., Prof. of Civil 
Ener. -» Northez aste rn Univ., 360 
Huntington Ave., Boston, Mass. 

Baldwin, C. W., 80 Boylston St., 
Boston 16, Mass. 

Balmer, Robt. R., Jr., 74 Washington 
St. Marblehead, Mass. 

Barbour, Frank A., Cons. Engr., 1120 
Tremont Bldg., Boston, Mass. 

Barry, W. Vincent, 200 Orange St., 
New Haven 10, Conn. 

Bartholomew, David Wm., 
ington St., Hudson, N. Y 

Battey, Everett M., Infilco, Inc., 258 
Park Square Bldg., Boston, Mass. 

Bauer, Henry W., Supt., 181 Ridge 
Rd., Middletown, Conn. 

Bethel, John S., Capt., es Hart 
Blvd., Staten Island 1, N. 

Bogren, George G., 55 W. a St., 
Cochituate, Mass. 

Bond, Eugene L., Dept. of Sts. & 
Engrg. +» Town Hall, Greenfield, 
Mass. 


522 Wash- 








High St., Holyoke, Mass. 


Bowler, Edmond Wesley, Prof., Univ. 
of New Hampshire, Durham, N. H. 

Bradlee, Warren R., Capt., 0-519797, 
Public Health Sec., G.H.Q., SCAP 
Advance APO 500, c/o Postmaster, 
San Francisco, Calif. 

Britton, Benj. A., Jr., Opr., Hecker 
Ave., Noroton Heights, Conn. 

Brooks, John H., Jr., Supt. Sewer 
Dept., E. Worcester St., Worcester, 
Mass. 

Brown, Edward S., Jr., Thayer School 
of Civil E ngineering, Dartmouth 
College, Hanover, N. H. 

Brown, Walter H., Jr., Supt., 12 
Hersey Rd., Cranston 10, R. I. 

Buck, Robinson D., Cons. Engr., 650 
Main St., Hartford, Conn. 

Bugbee, Julius W., 290 Massachu- 
setts Ave., Providence, R. I. 

Bugbee, Raymond C., Opr., 17 Monu- | 
ment St., Croton, Conn. 

Burden, Harry P., Dean of Engr. 
School, Tufts College, Medford, 
Mass. 

Burden, Robert P., Engr., 112 Pierce 
Hall, Harvard Univ., Cambridge 
38, Mass. 

Burdoin, Allen J., Cons. Engr., 85 
Washington St., Wellesley Hill, 
Mass. 

Burr, R. S., American Brass Co., 
Waterbury, Conn. 





>. Merrill, Secretary-Treasurer, c/o State Department of Public Health, State House, 


Burrell, Robert, Opr., 39 Howard St., 
West’ Haven, Conn. 

Camp, Thomas R., San. Engr., 6 
Beacon St., Boston 8, Mass. 

Capwell, Walter, Supt., Disp. & In 
cinerator Plant, Trumbull St., New 
London, Conn. 

Caracausa, Albert C., Fed. Engr., 107 
Montauk Ave., New London, Conn. 

Carpenter, Howard F., Opr., 2 Ernest 
St., Providence, R. I 

Casey, Albert E., 16 Pine St., Stone- 
ham, Mass. 
Cerny, Paul J., 441 Lexington Ave., 
Room 1209, New York 17, { 
Chase, E. Sherman, Cons. Engr., 
Metcalf & Eddy, 1300 Statler Bidg., 
Boston, Mass. 

Chisholm, Henry, R.F.D. 125, Mans 
field, Mass. 

Claffey, Walter H., San. Engr., West 
over Field, Chicopee, Mass. 

Clarke, V. B., Box 582, Ansonia, Conn. 

Cobb, Edwin B., Lt., 34 Stevens Rd., 
Needham 92, Mass. 

Coburn, S. E., Cons. Engr., 1300 
Statler Bldg., "Boston, Mass. 

Coffin, George W., 68 Devonshire St., 
Boston 9, Mass. 

Cohn, Morris M., 1101 Lexington 
Ave., Schenectady, N.Y. 

Copeland, Wm. R., 887 Asylum Ave., 
Hartford, Conn. 

Copley, Chas. H., Opr., 49 Bedford 
Ave., Hamden 14, Conn. 








Q 


Oo 


5S seuoe Ue ayy SF @ 


Ea 











Vol. 18, No. 2 MEMBERS 
Corbett, Walter E., 84 E. Main St., 


Milford, Mass. 
Craemer, George H., Opr., Municipal 
Bldg., Hartford, C onn. 
Crocker, Harold S., City Engr., City 
Hall, Brockton 22, Mass. 
Damon, Nelson A., Plant Opr., 34 
Spring St., Amhe rst, Mass. 
Damon, Wayne F., 161 West St., 
Leominster, Mass. 
Darby, George M., c/o The Dorr Co. | 
Westport, Conn. 

Deane, Elmer L., Municipal 
New Bedford, Mass. 
Dehaas, Nicholas, Opr., 
Linwood, Mass. 
Dion, Clarence K., 

SES 


Bldg., 


Box 176, 


Post Rd., Westerly 
Lost Pinos 2D, 


M., Ave. 
Venezuela, S. 


Disario, G. 
Caracas, 


= orida, 
Sani Joseph, Opr., 196 Milbank 
Ave., Greenwich, Conn. 


Deanelly, R. M., Opr., 57 Taunton 
Ave., Norton, Mass. 

Deonial, Frank L., C.Mo.M.M., U.S. 
Coast Guard Training Station, 


Staff Barracks “‘A’’, Groton, Conn. 


Dore, Stanley M., Asst. Chief Engr., 
20 Somerset St., Boston, Mass. 


Drew, Samuel T., Apartado se 14, 
e's 


Guatemala City, Guatemala, 

Dudley, Richard E., Rm. 410, pone 
Hall, Springfield, Mass. 

Dyer, Samuel, Memorial Bldg 
Framingham, Mass. 

Easter, Chas. W., Supt., Claremont 
Water & Sewer. Dept., 7 Sullivan 
St., Claremont, N. H. 

Easter, Leonard C., Opr., 25 W. 
Terrace St., Claremont, N. H 

Eddy, Harrison P., Jr., Cons. Engr., 
1300 Statler Bldg., Boston, Mass. 

Fair, Gordon M., Prof., 7 Scott St., 
Cambridge, Mass. 

Fales, Almon L., Cons. Engr., c/o 
Metcalf & Eddy, Statler Bldg., 


Boston, Mass. 

Fenn, > G., Opr., Fairfield State 

, Newtown, Conn. 

Ferris, ‘hile E., Niagara Alkali Co., 
60 FE. 42nd St., "New York, N. 

Fitzgerald, Joseph, Opr., City Hall, 
36 Court St., Springfield, Mass. 

Fleming, Paul V., Opr., 1272 Massa- 
chusetts Ave., North Adams, Mass. 

Flood, Frank L., Cons. Engr., 1300 
Statler Bldg., Boston 15, Mass. 

Foote, Kenneth E., 87 Fort Hale Rd., 
New Haven, C onn. 


Gentlemen, Laurence M., Metro. 
Dist. Water Supply Comm., 20 
Somerset St., Boston, Mass. 


Gibbs, Frederick S., Wallace & Tier- 
nan Co., Inc., 1262 Commonwealth 
\ve., Boston 34, Mass. 

Gilcreas, F. Wellington, Assoc. San. 
Chem., Div. of Laboratories & Re- 
sez - h, New Scotland Ave., Albany 


Giles, J. Henry L., 
26 Linnard Rd., 
Conn. 


Gisborne, Frank R., 


Assoc. San. Engr., 
West Hartford 7, 


Opr., Arcadia 


Rd., Old Greenwich, Conn. 
Gladue, Rt J., Opr., 210 High St., 
Bris tol, R. 


Danvers Water & 


Glines, eboincn | ae 
Dan- 


Sewer Board, 17 Hobart St., 
vers, Mass. 
Goff, James S., 
Station Hospital, 
Henry, Newport News, Va. 


Major, San. Corps. 


| 
| 


Graemiger, Joseph A., 7 Earl St., 
West Warwick, R. I. 
Granger, George M., Deputy Supt. of 

Sewers, City Hall, Court St., 
Springfield, Mass. 
Greeley, Richard F., 

Hudson, Mass. 
Greenleaf, John W., Jr., Major, Box 
G, Navy 153, c/o Fleet Post Office, 
New York, N. Y 
| Griffin, Guy E., a. Fed. Engr., 
502 School St., Belmont, Mass. 
Hale, Elliott J., Actg. Dir., Div. of 
San. Engrg., State Dept. of Health 
& Welfare, Augusta, Me. 
Hammann, Charles G., Div. of San. 
Engrg., . Dept. of Health, 
State Office Bldg., Providence, R. I. 
Hanson, George I., Opr., Boston Post 
Rd., Marlboro, Mass. 
Hardy, William G., Opr., 
Sewers, 20 E., Worcester St., 
cester, Mass. 
| Harper, M. 


Jalve Co. 


34 Central St., 





Bureau of 
Wor- 


Nordstrom 
New York 


«» Merco 

, 50 Church St., 
N. 

Hartley, John R., Asst. 
Builders-Prov ide ence, Inc., 
ing St., Providence, R. I. 

Healy, William A., Engr., y ite Dept. 
of Health, Cone ord, N. 

| Hedenstad, Paul C., Opr., E. 
cester St., Worcester, Mass. 

Hiller, Paul W., Innis, Speiden & a 
117 Liberty St., New York, N. 


Sales Mgr., 
9 Codd- 


Wor- 


’| Holmes, Harry E., Mass. State a oe, 






of Health, 551-A State House, 
3oston, Mass. 

Holmes, Kenneth H., Municipal 
Bldg., New London, Conn. 

| Horgan, me J., 53 Park Place, New 

| York, 

Horne, eau W., Cons. Engr., 11 
Beacon St., Boston, Mass. 

Houser, Geo. C., Cons. Engr., 220 
Clyde St., Brookline, Mass. 

Howard, P. F., Cons. Engr., 138 
Bartlett Rd., Winthrop, Mass. 

| Jenckes, J. Franklin, Jr., Fields 
Point Mfg. Corp., Providence, R. I. 

Johnson, C. Frank, Cons. Engr., 74 
Webster St., North Quincy 71 
Mass. 

Joy, C. Fred, Jr., Sewer Supt., 50 





Camp Patrick | Lockwood, Bronson E., 


Meredith Circle, Milton, Mass. 


| Kappe, S. E., 5230 Massachusetts 
Ave., Wz ‘ashington, DD. €. 

Karalekas, Peter C., Major, 34 Rose- 
dale St., Dorchester, Mass. 

Kennison, Karl R., Chief [Engr., 
Metro. District Water Supply 
Comm., 20 Somerset St., Boston 
Mass. 


Kinsel, Harry L., Engr., Metcalf and 
Eddy, 1300 Startler Bldg., Boston 
16, Mass. 

Lamb, Clarence F., 
Co., 86 Weybosset St., 
ee 2. 


Waterman Engr. 
Providence, 


Lamothe, Wilfred, Opr., 417 Claren- 
don St., Fitchburg, Mass. 

Langford, Leonard L., = Lexington 
Ave., New York, N. 

Lannon, William, Opr., 
Putnam, Conn. 

Lanphear, Roy S., 
Sewage Tr. Plant, 
Worcester, Mass. 

Latham, Donald S., Opr., 297 Doris 
Ave., Cranston 10, R. I. 

Locke, Edw. A., Opr., 21 Forster St., 
Hartford, Conn. 


pe Bridge St., 


Opr., Worcester 
P. O. Station Cc. 


Watertown 


| Fire District, Watertown, Conn. 
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Marlboro 


Loftus, Harry P., Supt., 
Marlboro, 


Water & Sewage Comm., 
Mass. 

McCarthy, Joseph A., State Chemist, 
Lawrence Experiment Station, 4 
Island St., Lawrence, Mass. 

McKee, Jack E., Capt., 17 College 
Ave., Waterville, Me. 

McMahon, Walter A., Opr., 76 Brook- 
side Ave., Torrington, Conn. 

Maguire, Chas. A., Civil Engr., 1515 
Turks Head Bldg., Providence. R. 
i. 


Mannheim, Robert, The Mathieson 
Alkali Works, Inc., 911 Hospital 
Trust Bldg., Providence, R. I. 

Mariner, W. S., Cons. Engr., 
Statler Bldg., Boston 16, Mass. 

Marston, Frank A., Cons. Engr., Met- 
calf and Eddy, 1300 Statler Bldg., 
Boston 16, Mass. 

Merrill, Walter E., 
Medtord 55, Mass. 

Meyer, Carle, Plant Opr., 
Plant, Rockville, Conn. 

Mitchell, Burton F., Cons. Engr., P. 
O. Box 147, Foxboro, Mass. 

Moir, Robert W., 2077 Common- 
wealth Ave., Auburndale 66, Mass. 

Moore, Edward W., Major, 96 Vassal 
St., Wollaston, Mass. 

Morgan, Edward F., Jr., Supt. 
Public Works, Hudson, Mass. 
Morgenroth, Fritz, Cons. Engr., 156 

Lake St., Brighton, Mass. 

Mortensen, Ernest D., Fed. Engr., 
800 Main Ave.,‘Greenwood, R. I 

Muldoon, Joseph A., Supt., 849 Han- 
cock Ave., Bridgeport, Conn. 

Munroe, Henry 4 » 75 Paine Ave., 
Cranston 10, R. 

Naylor, William, mn 
Sewers, Maynard, Mass. 

Newlands, James A., San. Engr., 
Pres., Henry Souther Engineering 
Co., 11 Laurel St., Hartford, Conn. 

Palmer, Benjamin M., Cons. Engr., 
114 Thayer Bldg., Norwich, Conn. 

Parker, L. K., Acting Supt., Auburn 
Sewerage District, 268 Court St., 
Auburn, Me. 

Perry, Earl R., Chief 
Hall, Worcester, Mass. 


1300 


61 Madison St., 


Filtration 


of 


Water & 


Engr., City 


Petrie, William P., Supt., Sewage 
Disposal Plant, Norwalk, Conn. 
Pratt, Gilbert H., Special Repr., 
Wallace & Tiernan Co., 1262 
Commonwealth Ave., Boston 34, 

Mass. 
Proudman, Chester F., Supt., New 
Canaan Sewage Disposal Plant, 


New Canaan, Conn. 


Puffer, Stephen P., Supt., Town Ilall, 


Amherst, Mass. 

Raisch, William, Cons. Engr., 227 
Fulton St., New York, N. Y. 

Reed, Leon H., P. O. Box 81, Pitts- 
field, Mass. 

Richardson, C. G., Builders-Provi- 


of Builders Iron 


dence, Inc., Div. 
Box 1342, Provi- 


Foundry, P. O. 
dence, R. I 
Rickey, Clifford E., Opr., 15 Claren- 
don Ave., Chicopee, Mass. 
Rogers, John A., Opr., 6 Central Ave., 
Milford, Conn. 


Sampson, George A., Cons. Engr., 14 


Beacon St., Boston, Mass. 
Sanderson, W. W., Chem., c/o State 
Dept. of Health, Div. of Labora- 


tories & Res., New Scotland Ave., 


Albany, N. Y. 
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Sawyer, Robt. W., Jr., Asst. 
c/o Malcolm Pirnie, 25 W. 
New York, N. Y. 

Scott, Warren J., 34 Garfield Rd., 
West Hartford, Conn. 

Shea, Walter J., San. 
State Office Bidz., ‘Prov idence, R. I. 


Szymanski, John R., New Britain Tr. 
Plant, New Britain, Conn. 
Tarlton, Ellis A., Chem., 34 Pleasant 
St., Danbury, Conn. 
Thompson, Robert B., Res. 
Engr., 327 The Dorr Co., Inc., 
Conn. 


Engr., 
43rd St., 


Engr., 
Westport, 





Shepperd, Frederick, ‘‘Municipal Thompson, Walter E., Opr., Town 
Sanitation.” 24 W. 40th St., New Hall, Stratford, Conn. 
York, N. Y. Tierney, Lawrence J. J., 518 Rice 
Sherman, Leslie K., Capt., 0-490387, Bldg., 10 High St., Boston, Mass. 
113th Malaria Control U nit, APO | Tippy, Kenneth Clem, Assoc. Prof., 


690, c/o Postmaster, New York, N. | Dept. of Civil Engrg., University of 
Y. | Connecticut, Storrs, Conn. 


Sleath, Aubrey B., Box 533-N, Niantic, Tracy, Edward L., Cons. Engr., Div. 
Conn. of- San. Engr., Dept. of Public 
Health, State of Vermont, 2 Col- 


Snell, J. R., San. Engr., 364 Lebanon 


t., Melrose 76, Mass. chester Ave., Burlington, Vt. 
Snow, Willis J., State Water Comm., Tuttle, Leon E., Town Hall, Stam- 
State Office Bldg., Hartford, Conr ford, Conn. 
a ‘ aap rd, Conn. | van Atta, John W., Ralph B. Carter 
Stock, Mitchell B., Cons. Engr., 666 Pump Co., 53 Park Place, New 
Fairfield Ave., Bridgeport 3, Conn.| York, N. Y. 


State Dept. 


Suttie, R. H., Prof., Dept. of Civil | Van Kleeck, LeRoy W., 
Bldg., Hart- 


Engrg., _Yale University, New] of Health, State Office 
Haven, Conn. ' ford, Conn. 


Abeles, Joseph > 220 E. 42nd St., ; Ell, Henry T., 252 Ellery Ave., New 
New York, N. | miki. J. 

Adams, J. K., “ii 15 Ravine Rd., pane J? M., Municipal Bldg., Glen | 
Tenafly, N. J. | Rock, N. J. 

Bell, E. — Cons. Engr., Box 41, | Falk, Lloyd L., .57 S. Walnut St., 
Essex Falls, N. J. E. Orange, ae 7 

Bergen, C. B., Chain Belt Co., 19 | Ponce James, 443 FE. 29th St., 
Rector St., New York 6, N. Y. | Paterson, N. J. 

Booz, Louis P., 117 Smith St., 616 Center 


Perth | oe, — Opr., 
Amboy me . i ip | , Garwood, N. J. 
Brunstein, Maurice, Lab. Tech., P. | gamcuuane, pore J. , 709 Parker St. 
O. Box 622, Atlantic City, N. Pp Perth Amboy, N. J 


Bryan, John G., Pitman, N. J. Gatley, H.K., I nar. 2 


Burack, W. D., Engr., 77 Maplewood, N 
Ave. ” Livings ston, N. J. Gehm, Harry Willard, Jr., Res. Engr. 


Cameron, Geo., 1905 Kuehule Ave., | 11 Ross Ave. » Metuchen, N. J. 
Venice Park, Atlantic City, N. J. Gibbons, M. * P. O. Box 162, 


Capano, Sam J 7 Ch h S Rahway, N. J 
. Zi 1urch§ St., 
Bound Brook, N. Graul, Leroy H., 


Cc Charles H., J Ave., Wildwood, 
apen, arles r., Chief Engr., 8 | | * 
Florence Place, West Orange, N. J. | Graves, Wallace 452 


Ave., New Market, N. J. 


26 Berkeley Rd., 


Sycamore 


( - 4310 Hudson 
2 


Prospect 


Carmichael, David W., Cons. Engr., | Greenfield, H. C., Capt., 0-370608, 
82 Personette Ave., Verona, N.J. | 233 Maple Ave., Trenton, N. J. 
Case, Raymond G., Supt., ag Griffin, A. E., San. Engr., Sunset Rd., 


Browning Rd., Merc “hi antv ille, Pompton Plains, N. J. 


Cenicola, Samuel, Sewage Plant Opr., | Harley, Frank E., Civil Engr., Rad- 
209 Huyler St. S. Hackensack, burn Trust Co. Bldg., Fair Lawn, 
N. J. N. | 

Chamberlin, Noel S., San. Chem., | Hartley, G. R., "ht Valley View Rd., 

Ave., Pompton Plains, Englewood, N. J. 


Sherman 
N. J. Heukelekian, “th Res. Engr., Short 
Cleary, Edw. Old Quarry Road, | Course Bldg., Agric ultural E xpe ri 
Bow'55. U Shs A peal oral N “a “| ment Station, New Brunswick, N. 7 
Collings, Wm. E., 713 Lees Ave., | Holtie, Ralph H., Capt., 117 N. Dud 
Collingswood, N. J. | ley Ave., V entnor, N. J. 
Corson, B.I., 120 Woodland Terrace, Hood, John W, 43 John St., 
Oaklyn, N. J. wood; N. J. 
Cowles, M. W., Supt., Hackensack | Kachorsky, M. S., ae , P.O. 
Water Co. Dept. Filtration & Sani 283, Mi inville, N N. J. 
tation, New Milford, , Kaplan, Bernard, State Health Dept., 
Croft, H. P., 208 Maple Lovett Ave. & Orchard Rd., Little 
S. N. 7. Silver, N. J. 

Daniels, P. N., 56 Killam, E. T., Hyd. & San. 
Trenton 8, N. J. Cedar St., New York 6, 
Decher, Edward P., 36 Klein, beng I., Cons. Engr., 21 Maple 

Place, Newark, N. J. Terrace, East Orange, N. J. 
Dilorio, Anthony F., | Komline, Fo i 
Fords, N. J. Ridgewood, N 
Downes, John R.,Supt., P.O. Box 11, | Kozma, Albert B., 3005 Brookwood 


Ridge-u 


Box 


vind r'renton 


Maple Ave., Lg ie 140 
es 


Midland 


934 Main St., aa Upper Blvd., 
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Vivier, Harvey, Opr., 
Plant, Ludlow, Mass. 


Wadhams, Gen. S. H., State Water 


Sewage Tr, 


Comm., State Office Bldg., Hart- 
ford, Conn. 

Wentworth, John P., Cons. Engr., 
569 Fellsway E., Malden 48, Mass. 


Weston, Arthur D., Chief Engr., 511 
State House, Boston, Mass. 

Whipple, Melville C., 222 Pierce Iall, 

Cambridge, Mass. 

| Whitlock, Henry C., City Hall, Water- 

| bury, Conn. 





Winch, Norman M., 
46 Birds Hill Ave., 
Mass. 


Capt., 0-461488, 
Needham 92, 


Wise, William S., Chief Engr., State 
Water Comm., Hartford, Conn. 
Worthington, Erastus, Cons. Engr., 
| Insurance Bldg., Dedham, Mass. 
| Wright, Edw., State Engr., Mass. 
| State Dept. of Health, 511-A State 

House, Boston, Mass. 


New Jersey Sewage Works Association 


Mr. S. A. Kowalchik, Secretary-Treasurer, 427 Maple Avenue, Trenton 8, New Jersey 


ei W.R., . Box 95, Str 

| ford, N. J. 

Leahey, Anthony T., 42 Wilkinson 
Place, Trenton, N. J. 

| LeChard, Joseph H., San. Engr., At 

| lantic City Se werage Co., Atlanti 

| ity, N. j. 

| Lehmann, Arthur F., 134 Cedar Ave., 
Hackensack, N. J. 

le -« Harry N., Prof., Dept. of 
Mun. & San. Engr.. Rutgers Ur 
versity, New Bruns swick, mM. J. 








Dunellen, N. Jj. , Harrisburg, Pa. 





Lenox, Jacob L., 7 Sherwood Place 
West Orange, N. J. 


Logan, Robert P., Res. Engr., 835 
Madison Ave., E lizabe th, N. 7 
Long, James C, Opr., 1 Fairchild 


? 
e., Morris Plains, N. J. 
McClave, S. Wood, Jr. » 600 Gorge 
Rd., Cliffside Park, ode 
McLaughlin, — = 
Bloomfield, N. 
McMenamin, C. ae Melrose Ave., 
Bound Brook, N. J. 


Hasttion St., 


Mallalieu, W. C., Opr., P. O. Box 188 
Boonton, N. ifs 

Middleton, Walter, 12 kK. Jeffersor 
st., Paulsboro, N. J. 

Mirgain, F. C., Asst. Prof. of Civ! 


Engr., Rutgers University, New 
J 


Brunswick, N. 


Molitor, Edward P., Opr., P. O. Box 
41, Chatham, N. J. 
Mowry, R. B., 1649 N. Broad St., 


Philadelphia, Pa. 


Muss, Joshua, Township Engr., 
Dept. of Public Works, Room 26, 
Municipal Bldg., North Bergen, 
N. J 


Ocean City Sewer Service Co., 1.5 


Steelman, Megr., Tenth St. & West 
Ave., Ocean City, N. J. 

Ordway, E. S., 433 Seminole 5t., 
Oradell, N. J. 
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Probasco, S. R., 311 St. 
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West, L. E., Major, 105 Mill Road, 
Irvington, ’N. Re 

Whitehead, F. E., 770 Bogert Rd., 
River Edge, N. J. 

Wittwer, N. C., Capt., R.F.D. No. 2, 
Box 337, Trenton, N. J. 
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Babcock, Irving, Opr., 264 S. Grove 
St., Freeport, ie’ 
Bachmann, Frank, c/o The Dorr Co., 
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Bush, pith E, .s S. Buffalo Rd., 
Orchard Park, N. 
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Chamberlain, L. H., 
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American Well 


Works, 475 Fifth Ave., New York 
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Chamberlain, Wm. T., Dept. of 
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Worth St., New York, N. Y, 
Chase, E. Sherman, Metcalf & Eddy, 
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Ave., Middletown, N. Y. 
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Coleman, Dwight B., Plant Opr., 34 
Pleasant St., Cortland, N. Y. 
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Costello, John J., 631 Perine St., 
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DeBrito, F. Saturnino, ade Engr., 
Caixa Postal 1631, Rio de Janeiro 
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DeGroat, Frank N., 
Nyack, N. Y. 
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Denise, Wm. i Supt., 
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Neck, N. 
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Albany, 


| 
| 


142 | 


Dewart, Donald M., 3257 S. Lenox 
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Dixon, G. Gale, Cons. 
Maiden Lane, New York 7, 
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Pleasantville, N. Y 

Dobstaff, Robert jr. ‘ 
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N.Y. 
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Doman, Joseph, 196 Milbank Ave., 
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Donaldson, Wellington, Dept. 
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Buffalo, N. Y. 
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Driscoll, Timothy ie ig 
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New York 66, N. 

Dyckman, Warren - Cons. Engr., 
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York, N. Y. 
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Gibbs St., Roc hes ter 4, 
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Erickson, W. J. Sta ate Dept. of Hei 
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155 E. 44th 


ater 


St., | 40th St., 


uth 
st 


Civil Engr., 159 
Rochester, N. ¥ 
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Hastie, James, ig 236 E. 
Rd., Great Neck, L. I., N. Vv 
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ham, N.C. 
American Enka Corporation, Attn.: 
r. B. W. Crutchfield, Enka, N.C. 

Bailey, J. Kenneth, San. Engr., 73 
Jackson Ave., Hampton, Va. 

Baity, H. G., Prof. of Sanitary & 
Municipal Engr., University of 
North | a. Box 899, Chapel 
Hill, 

Brown, aad Gillies, Chem., Dur 
ham Water Dept., 2018 Sunset 
Ave., Durham, N. C. 

Bunker, F. L., P. O. Box 1122, Chi 
cago Pump Co., Charlotte, N. C. 
Camp, Cecil S., Prof. Hydr. & San. 
Engr., University of Tennessee, 

Ferris Hall, Knoxville, Tenn. 

Carolina Aluminum Co., Attn: Mr. 
A. J. Rice, Asst. Property Supt., 
Badin, N. C. 

City Water Dept., Attn: I. lentes 
lass, Supt., Statesville, N. 

Cramerton Mills, Inc., C. Young, 
Supt., Cramerton, N. C 

Davis, H. F., Dist. Mgr., Wallace & 
Tiernan Co., Inc., 1001 Commercial 
Bank Bldg., C harlotte, N.C 

Davis, P. D., Assoc. Engr., W. M. 
Piatt, Constr. Engr., Durham, 
Oe 

Durham Water Dept., Attn.: D. M. 
Williams, Supt., Durham, N. C. 

Ecusta Paper Corp., Herbert F. 
Finck, Hydr. Engr., Pisgah Forest, 
N.C. 


Secretary-Treasurer, P. O. Box 2251, 


Durham, North Carolina 


Gotaas, Harold B., 

| teenth Rd. N., Arlington, Va. | 

| Grinnell Company, Inc., Attn.: a | Fort Bragg, N. C. 

. O. Thorne, Branch Megr., 

| Box 2727, Charlotte, N. C 

| Hall, W. H., 
Duke U niversity, 

| Durham, N. C. 

Heyward, T. C., Mech. & Elec. Engr., Surgeon's Office, APO 834, 
1408 Independence Bldg., Charlotte, Postmaster, New Orleans, La. 
N.C. | Piatt, Wm. M., Cons. Engr., 111 
Corcoran St., Durham, N. C. 

| Pierson, Nat D., 
Be Ox 


Capt., 5314 Six- | Mutzberg, F. A., Supt., Water Wo 





Charlotte, N. ¢ 


College Station, 


Hillsboro, Town of, M. P. Lloyd, 
Supt., Water Dept., Hillsboro, N.C. 
| Kellogg, James W., Asst. Dir., State 
Laboratory of Hygie ne, Raleigh, 





Purser, John R., Jr., Treas., J. R 
Purser Sales Engineering, |: 
Kin, Stephen R., San. Engr., 1- B | Suite 816, 

Piedmont Village, Camp Butne ar,| Charlotte, N.C. 

N.C. : | Rawlins, George S., Cons. Engr., ] 
Lafferty, Ernest L., Chem. ’ 
Bemberg Corp., North American 
Rayon Corp., 326 Carter Blvd., 

Elizabethton, Tenn. 
Lassiter, L. I., San. Engr., Consoli- | 
dated Board of Health, Wilming 


, Charlotte, N.C. 
Durham Water Dept., Durham, 
NA; 


7 N. ( | Stiemke, Robt. E., Assoc. Prof. of 
ton, nN. &. 
| San. Engr., North Carolina State 
LeClerc, Arthur B., Sales Engr., T. C. | C ollege, Raleigh, N. ¢ 


| Heywood, 1408 I de 1 BI g., | 
( shi ¢ Ping N. ( ee SRE | Swab, Bernal H., San. Engr., 3438 
Wyekcliff 2arkway, ado 6 
Luther, Robert w., Supt., Public Ohio a Seren a . 
Utility Commission, Box 56, Eliza 
beth City, N.C Swartz, Martin, Supt., Water & Light 
et Ga GC m., Gre il Se 
Malone, J. R., Che me , Durham Water shag gees 
Dept., 1312 N. Gregson St., Dur- | Thomas, E. R., Supt., Municipa 
ham, N. C. Water Dept., Burlington, N. ( 
Moggio, Wm. A., Capt., Sn.C., 202 | Vest, W. E., Supt., Water Works, 
Woodland Ave., Ramsey, N. J] Charlotte, N. C. 
Monroe, City of, Attn.: W. H. Crow, | Water Department, c/o as 
Supt. Water & Lights, Monroe, | Harris, Supt., Lenoir, N. 
N.C. ; : d | Wooten, Frank M., Jr., Cons. Engr., 
Moore, Geo. S., Supt., Water & Light Wooten & Wooten, 104 Latta 
Dept., Albemarle, N. C. Arcade, Charlotte, N. C 
Moses, James E., Shop Foreman, | Yow, W. E., Supt., Water Dept. 
City Hall, Durham, N. C. As heboro, N. Cc. 


Ohio Sewage Works Conference Group 


Mr. L. B. Barnes, Secretary-Treasurer, 441 S 


Backherms, A. B., 
Cincinnati 9, Ohio 

Bailey, J. W., Opr., 617 N. Main St., 
Bowling Green, Ohio 

Barnes, Floyd, Cleves, Ohio 

Barnes, Geo. E., Prof. Case School o! 
Applied Science, Cleveland, Ohio 

Barnes, L. B., 441 S. Prospect St., 
Bowling Green, Ohio 

Barstow, E. D., San. Engr., 
& LeFeber, Inc., 
Akron 8, Ohio 

Barton, Ben H., Supt., 207 Locust 
St., Findlay, Ohio 

Bauer, Carl, Supt., Sew. Tr. Plant, 
Celina, Ohio | 

Behnke, Geo. C., Opr., 400 E. College 
St., Oberlin, Ohio 

Blanchard, H.C., Opr., 145 N. Broad 
way St., Medina, Ohio | 

Blocher, John M., Dr., City Hall, 

erea, Ohio 

Bloem, Herman, 1230 Gulf Rd., 
Elyria, Ohio 

Braidech, Mathew M., 172 High St., 
Hastings-on-Hudson, N. ¥ | 

Britt, C. E., Chem., 505 S. Maple St., | 
Bowling Green, Ohio | 


Barstow 


3438 Sherel Circle, | 


31 N. Summit St., | 


Decker, C. D., 


| Finkbeiner, Carlton S., Cons. Engr. | 


. Prospect Street, Bowling Green, Ohio 


eH Floyd G., Cons. Engr., Box | Flower, G. E., Supt., 4720 Morning 
, Marion, Ohio side Dr., C leveland 9, Ohio 
cjen: C. T., Supt., 102 E. — Raymond H., 2201 N. Fourtl 
Springfield, Ohio | St., Columbus 1, Ohio 
Burger, A. A., Engr., 1140 Leader aii E. L., Rep., Mathieson 
Bldg., Cleveland 14, Ohio | Alkali Works, 334 Dixie Terminal 
Caster, Arthur, San. Engr., 488 Bldg., Cincinnati 2, Ohio 
Meadoway Park, Worthington, | Gerdel, W. E. »Supt., Westerly Sewage 
Ohio rn Tr. Plant, W. 58th St., & Bulkle 
Collier, James, Supt., 1194 Gulf Rd., Rd., Cleveland, Ohio 
Elyria, Ohio on ; , | Hagerty, L. T., Assoc. San Engr., 
Coope, Albert, Co. San. Engr., Court | Blue Grass Depot, Berea, Ky. 
House, Youngstown, Ohio | Hall, Geo. A., Capt., 0-508178, 
Craun, J. M., Engr., Hippodrome Office of Chief Surgeon, U.S.A., 
Annex, Cleveland, Ohio | §.O.S., APO 707, c/o Postmaster 
Crohen, W. F., Supt., Water Works, San Francisco, Calif. 
Port Clinton, Ohio Hauck, Chas. F., House 204, Apco, 
David, Frank J., San. Supvr., Federal Ohio 
Reformatory, Chillicothe, Ohio | Havens, William L., Cons. Engr., 1140 
Supt., 111 E. Maple | Leader Bldg., Cleveland 14, Ohio 
St., Bryon, Ohio | Heffelfinger, D. D., Sup. Chem., 10i1 
Ellms, Ww Comm. Sew. Disp.,| _N- Walnut St., Alliance, Ohio 


ip | 
1130 W. 112th St., Cleveland, Ohio, 


First St., 


Henry, Thomas B., Cons. Engr., 1812 
Wychwood St., Toledo 6, Ohio 


1010 Home Bank Bldg., Toledo 4, | Hommon, Charles C., San. Engr., 140 


Ohio 22nd St. N.W., C anton 3, Ohio 

Fischer, F. P., Sales Engr., Wallace & | Hoover, C. B., Supt., Water Works, 
Tiernan Co., 811 Perry-Payne 252 E. 17th Ave., Columbus 1, 
Bldg., Cleveland 13, Ohio Ohio 


Mareh, 1946 


L 
Utilities, U.S. "army, P. O. Box 751, 


Nance, E. L. om. City of Charloite, 





Dean of Engineering, | Olsen, W. C., Const. Engr., Raleigh, 
‘Al os 


| Phillips, R.S., 1st Lt., 0-543011, Dept. 


Box 47, Raleigh, 


Independence Bldg 


American | Zo Pease & Co., 1194 E. Fifth 


ont Harry P., Asst. Supt., 
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Vol. 


Messer, C S., Supt., Sew. Tr. Works, 
. No 6, C hillicothe, Ohio 
nat, abo S., Asst. Engr., State 
Dept of Health, Columbus 15, Ohio 
Huffman, Lloyd C., 1966 Burbank Dr., 
Davton, Ohio 
Hufford, L. E., 
Piqua, Ohio 
ee Cons. Engr., Huffman- 
Volf e Co., 669 N. High St., Colum- 
s, Ohio 
in Frank bid tose 6 Chem., 1140 
Leader Bldg., Cleveland 14, Ohio 
Jones, Harvey P., Engr., Toledo 
Trust Bldg., Toledo 4, Ohio 
Kane, R. D., 2775 Pittsburgh 
Cleveland, Ohio 
Keller, Earl D., Lt 
Lancaster, Ohio 
Kline, H. S., Chem. & Bact., 37 
Pointview Ave., Dayton, Ohio 
Kroone, T. H., 319 Plymouth Bldg., 
Cleveland, Ohio 
Kussmaul, T. C., Engr., Route 


1501 Broadway, 


Ave., 


, 548 E. King St., 


1, Box 


314-A, Grants Pass, Ore. 
LaRue, Luther, Sew. Engr., 501 
Municipal Bldg., Akron 8, Ohio 


Lautenschlager, Hubert, Opr., Sew- 
ige Tr. Plant, Orrville, Ohio 

Leach, Walter L., Prin. 
Yept., 1520 Woolworth, 
way Bldg., New York 7, 

Ervin F., Lt., San. Corps, 109 
Seytert Ave., Circleville, Ohio 

Leonard, Walter E., Chem., 102 
Spring St., Willard, Ohio 

Lesher, C. E., Jr., Cons. Engr., 1085 | 
Homewood ‘Ave., Lakewood 7, | 
() 


Engr., Water 
233 Broad 
N.. ¥: 


Leist, 


Luchtenberg, R. O., 256 N. 
Rd., Columbus, Ohio 
Lyman, C. S., Opr.-Chem., 
Works, Bay View Park, 

Ohio 

McDill, Bruce M., 
Div., Ohio Dept. ot 
Departments Bldg., 
Ohio 

McGuire, C. D., 448 
Columbus 2, Ohio 


Ardmore 


Sew. Tr 
Toledo 11 


Engr., San. Engrg. 
Health, State 
Columbus, 


Clinton St., 


McIntyre, F. J., Dir. Water & Chem. | 


MEMBEI 


| Schick, V. R., Supt., 


SSHIP OF MEMBER 


McKeever, R. L., Supt., Sew. 

Plant, 236 W. Oak St., W ib 
hio 

MacDowell, R. F., Cons. San. Engr., 
401 Chester-Twelfth Bldg., Cleve- 
land 14, Ohio 

Monroe, S. G., Assoc. 
Engr., USPHS, 831 Mercantile 
Bank Bldg., Dallas, Texas 

Morehouse, W. W., Dir. of Dept. of 
Water, Room 309, Municipal Bldg., 
Dayton 2, Ohio 

Moyar, Jesse, Supt., 

. Cherry St., 


Sew. Tr. Plant, 
Germantown, 
Ohio 

Nichols, F. E., Cons. Engr., 
Defiance St., Archbold, Ohio 

Niles, A. H., Supt., Sew. Tr. Works’ 
Bay View Park, 2946 Darlington 
Rd., Toledo, Ohio 

O’Flaherty, Fred, Dr., Dir., Dept. of 
Leather Research, University of 
Cincinnati, Cincinnati, Ohio 

Pacific Flush Tank Co., 4241 Ravens- | 
wood Ave., Chicago 13, Ill. 

Palocsay, Frank S., 
W. Lake Ave., Lakewood 7, 

Parrish, Rial T., Cons. 
S. Bldg., Dayton 2, Ohio 

Pease, Maxfield, 1900 Euclid Ave., 
Room 606, Cleveland, Ohio 


50 N. 


Civil Engr., 1200 
Ohio 


Engr., 945 U 





Pierron, L. L., City Bldg., Green 
ville, Ohio 

Pollex, Elmer, Forem:z mio Div. of Sew. 
Disposal, c/o Sew. Works, Bay 
View Park, Toledo i Ohio 

Powers, E.C., 8 I. Long St., Colum 


| bus 15, Ohio 
Roth, R. F., 116 W. 

| ford, Ohio 

ee 


| Ruck, Franklin, Opr., Water Soitener 
Plant, R.R. No. 3, 


Spring St., Ox 


& Sew. Disp. 
Troy, Ohio 
Rue, Robert, Supt., 

Osborn, Ohio 
Sargent, Edward C., 2376 Northland | 
Ave., Lakewood 7, Ohio 
Schaetzle, T. C., Supt., Room 501, 
Municipal Bldg., Akron 8, Ohio 


Sew. Tr. Plant, 


} 
| 
| 


| Schoepfle, O. F., Chem., 908 Vine | 
7 St., Sandusky, Ohio 
1053 W. Main 


St., Van Wert, Ohio 


ASSOCIATIONS 


Public Health | 
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i ee Eugene W., Supt., 357 
Baxter St., Medina, Ohio 

Sheets, W. D., Capt., 0-511889, QOtrs. 
47, Presidio of Monterey, Monterey, 
Calif. 

Singer, Oscar C., Lucas Co. Dist. 
Board of Health, 902 Adams St., 

| Toledo 2, Ohio 

Smith, A. H., Cons. Engr., 2205 Ash- 
land Ave., agp 10, Ohio 

Snyder, R. F., Supt., 1717 
Ave. N.E., hee nel Ohio 

re Harold J., 221 N. 

| St., Chicago 1, Il. 

| stepieton, Harold A., 
Engr., 3515 Maxwell Rd., 

| Ohio 

Stewart, F. D., Lt. Col., Sn.C., 29 
E. Shreyer Place, Columbus, Ohio 


Milton 





LaSalle 


Cons. San. 
Toledo, 


Straker, M. L., Opr., Box 65, Ver- 
sailles, Ohio 
Sutter, Oliver, Supt., Box 123, Oak 


Harbor, Ohio 
| Thomas, Vernon B., 1740 E. 
Cc leveland 14, Ohio 


| Tolles, Frank C., 
Leader Bldg., 


12th St., 


Cons. Engr., 1140 
C leveland, Ohio 


Turner, J. R., Supt., 136 Rae Ave., 

| Mansfield, Ohio 

| UhImann, Paul A., 2901 N. High St., 

Columbus 2, Ohio 

Walker, C. C., Cons. Engr., 1826 W. 
ist Ave., Columbus, Ohio 

Waring, F. H., Chief Engr., Dept. of 


Health, 306 State Departments 





Bldg., Columbus 15, Ohio 

Weber, Robert R., Dist. Sales Mer., 
Mathieson Alkali Works, 334 Dixie 
Terminal Bldg., Cincinnati, Ohio 

| Wenger, J. H., Chem., 83 E. Broad- 
way, Westerville, Ohio 

Wertz, Leroy F., Opr., Town Hall, 


Lebanon, Ohio 
Wilson, R. H., Jr., Mgr., Diamond 
| Alkali Sales Corp., 633 Penton Bldg., 
Cleveland 13, Ohio 
Wirts, John J., Chem., 
Cc leveland 10, Ohio 
| Wittmer, Earl F., 506 Mt. 
Ave., Marion, Ohio 
Woodruff, F. L., San. Engr., 
Merl Av e., L akewood 7, Ohio 
Zorn, Ray H., Power Equipment Co., 
Oak Harbor, Ohio 


35 Villa Beach, 


Vernon 


13452 


Oklahoma Water and Sewage Conference 


Laboratory, 58 Olentangy St., 
Columbus, Ohio 

McKee, S. C., San. Engr., Luca: 
County Court House, Toledo 2 
Ohw 

Mr. EH. tf. 

Bennett, Leon, Supt., Water and 
Sewage, Holdenville, Okla. 

City Water Department, Attn.: Ralph 


Norman, Okla. 
222 Arnote 


DeVore, Supt., 
Collins, Rex, Cons. Engr., 
Bldg., McAlester, Okla. 
Cunningham, M. B., Supt. & Engr., 
Oklahoma City Water Dept., Room 
03, Municipal Bldg., Oklahoma 
City, Okla. 


Darcey, Secretary-Treasurer, State Department of Health, Oklahoma City, 


Oklahoma 


| Hughes, V. R., 701 E. Pine St., Enid, | Stapley, Edward R., 27 College Circle, 
Okla. | Stillwater, Okla. 

Montgomery, Homer M., Supt.,| Stewart, Clyde L., 1225 N. E 

ote Apes one ay : ‘ . yde +» 1225 N. E. 14th 

a and Sew. Depts., Seminole, St., Oklahoma City 4, Okla. 

Schouten, Ernest W., 828 Braniff | Taylor, Frank S., Filtration Engr., 
Bldg., Third & Robinson Sts., 2809 N. W. 17th St., Oklahoma 
Oklahoma City, Okla. City, Okla. 


Pacific Northwest Sewage Works Association 


Mr. W. P. Hughes, Secretary-Treasurer, City Engineer, Lewiston, Idaho 


Anderson, Fred A., Opr., R.F.D. No. 
2, Bothel, Wash. 

Baker, Stanley L., 7555 Empire Way, 
Apt. 888, Seattle 8, Wash. 

Bamford, J. H., Water Supt., 
Wash. 


Dayton, 


Bantz, Burwell, City Engineer, Ta- 
coma, Wash. 

Barney, J. W., City Megr., Hillsboro, 
Ore. 


Bartow, Leslie W., 6515 S.W. Burlin- 


game Ave., Portland, Ore. 


Berkeley, Winston H., Supt., City of 
Lewiston, 1002 13th Ave., Lewiston, 
Idaho 


Brewer, E. E., Water Supt., Shelton, 


Wash. 
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Bow, Wilson F., State Dept. of | 
Health, 1403 Smith Tower, Seattle, 
Wash. 

Briggs, Raymond J., Cons. Engr., 214 | 

Baird Bldg., Boise, Idaho 

Buchecker, A. I., Prin. Asst. City 
Engr., 725 Chelan Ave., Spokane, 
Wash. 

Campbell, M. S., c/o H. D. Fowler 


Co., 558 First Ave. S., P. O. Box |, 


3084, Seattle 14, Wash. 

Casad, C. C., Supt., Bremerton Water 
Dept., Bremerton, Wash. 

Chambers, Grover, Water Supt., 
Cheney, Wash. 

Charlton, David B., Bact., 2340 S.W. 
Jefferson St., Portland, Ore. 

Clare, H. C., San. Engr., Dept. of 
Public Health, Boise, Idaho 

Cloyes, W. J., Sanitarian, Lane 
County Health Dept., Court House, 
Eugene, Ore. 

Clubb, William C., City Engr., Eu- 
gene, Ore. 

Corey, R. H., Cons. Engr., 407 Cor- 
bett Bldg., Portland, Ore. 

Cotta, Maurice L., Assoc. San. Engr., 
Farm Security Administration, 1305 
Terminal Sales Bldg., Portland, 
Ore. 

Crow, Harry B., Sewer Supt., P. O. 
Box 3084, Kirkland, Wash. 

Cunningham, John W., Cons. Engr., 
1112 Spalding Bldg., Portland, 
Ore. 

Cutting, O. S., Dis. Opr., U.S. Navy 

Hospital, 1809 FE. 172nd St., Seattle 
Wash. 

Daley, Charles W., P. O. Box 292, 
Pendleton, Ore. 

Davis, G., Jr., 209 Eiden Rd., Boise, 
Idaho 

DeMoss, Samuel, Sr. Engr., 1746 W. 
59th St., Seattle, Wash. 

Douglas, George F., City Engr., 314 
C St., Grandview, Wash. 

Early, Mart, Water Supt., 
Idaho 

Edwards, G. H., Civil Engr., c/o 
DeWitt C. Griffin & Associates, 717 
Lloyd Bldg., Seattle 1, Wash. 

Edwards, Harlan H., Pacific Builder 
and Engr., 3102 Arcade Bldg., 
Seattle 1, Wash. 

Eiffert, William T., Sr. Public Health 
Engr., Washington State Health 
Dept., 423 Hutton Bldg., Spokane, 
Wash. 

Flood, T. S., Chief Engr., Sawtooth 
Co., 710 Front St., Boise, Idaho 
Fowler, H. D., Civil Engr., P. O. Box 

3084, Seattle 14, Wash. 

Gearhart, J. N., City Engr., Myrtle 
Point, Ore. 

Gilman, N. A., Water Supt., City 
Hall, Yakima, Wash. 

Gooch, E. W., City Engr., 210 Lottie 
St., Bellingham, Wash. 

Goodnight, V. L., City Engr., Cor- 
vallis, Ore. 

Green, Alvin W., San. Engr., Porro 
Biological Laboratories, Tacoma 2, 
Wash. 

Green, Carl E., Cons. Engr., 1112 
Spalding Bldg., Portland, Ore. 


Hadin, Leon A.,6707 Denny St., North 
Hollywood, Calif. 


Hall, G. D., Engr., 416 A. W. Larson 


Moscow, 
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Hallam, G. C., 
Box 447, Orofino, Idaho 

| Hamilton, R. F., 14. Coi., C.E.. P.O 
Box 477, Colorado Springs, C ‘olo. 


Lake City, Utah 


Corp., 917 Terminal Sales Bldg., 
Seattle, Wash. 

Henny, A. L., Engr., U. S. Engineers, 
1581 S. W. Upper Hall St., Port 
land, Ore. 

Hill, W. R., Parker & Hill, Civil & 
Cons. Engrs., 2021 Smith Tower, 
Seattle, Wash. 

Hobson, Edward, Hood River, Ore. 

Hoffman, C. H., c/o Link Belt Com- 
pany, 822 First Ave. S., Seattle 4, 
Wash. 

Holter, A. L., City Engr. Office, 
County-City Bldg., Seattle, Wash. 

Howard, C. M., Engr., Concrete 
Pipe & Pr oducts Assn., 404 Arctic 
Bldg., Seattle, Wash. 

Hoydar, Albert L., Water & Sewer 
Supt., 24 Naches, Selah, Wash. 

Hughes, W. P., City Water Supt., 
Lewiston, Idaho 

— James C., Supt., 612 Empire 

, Coeur d Ale ene, Idaho 


Irwin, G. M., City Engr., City Hall, 
Victoria, British Columbia, Canada 
Jensen, Emil C., Chief, Div. of Public 


Health Engr., ‘Smith lower, Seattle 
4, Wash. 

Kachelhoffer, Fred G., Instructor of 
San. Engr., Oregon State College, 
Corvallis, Ore. 

Kingwell, E. G., 410 N. 16th St., 
Corvallis, Ore. 

Kipp, W. H., Mer., Box 2328, Port 
land 14, Ore. 

Knittel, E. A., Water Supt., Lynden, 
Wash. 

Koon, Ray E., Cons. Hyd. & San. 
Engr., Spalding Bldg., Portland, 
Ore. 

Kramer, Harrison W., Cons. Engr., 
c/o James W. Carey & Assoc., 
Alaska Trade Bidg., 1917 First 
Ave., Seattle 1, Wash. 

Lamping, Leonard L., Pres. & Megr., 
Walla Walla Concrete Pipe Co., 
Walla Walla, Wash. 

Lovejoy, W. L., City Engr. & Water 
Supt., Hoquiam, Wash. 

McClain, E. C., Supt. of Sts., 1552 
Second St., Lebanon, Ore. 

McGuire, M. H., Gen. Mgr., Water 
& Light Dept., McMinnville, Ore. 

McLean, R. F., Supt., Water Dept., 
Walla Walla, Wash. 

McNamara, Wm. P., Sr. Civil Engr., 
404 County-City Bldg., Seattle, 
Wash. 

Malony, W. L., Cons. Engr., Symons 
Bldg., Spokane, Wash. 

Mannes, C. O., King Co. Engr., 

County-City Bldg., Seattle, Wash. 

Mathews, Frank E., P. O. Box 487, 

Ellenburg, Wash. 


Merryfield, Fred, Assoc. Prof., Civil 
Engrg., Oregon State College, Cor- 





Bldg., Yakima, Wash. 


vallis, Ore. 


Water Supt., P. O. 


Harding, Robert G., Cons. Engr., 414 
Utah Savings & Trust Bidg., Salt 


Heiss, Edward A., Pac. N.W. Div. 
Megr., Wallace & Tiernan Sales 
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Morrison, James E., Supt. of Uti! 
City Hall, Renton, Wash. 


Morrow, Ben S., Engineer’s Office, 
— Bureau, City Hall, Portland. 
re. 


Nelson, Ben O., City Mer., Pull: 
Wash. 

Parks, C. A., Rep., Transite Pipe 

777 Thomas St., Seattle, Wash. 


| Pfeifer, John C., Utility Supt., Van 


couver Housing Authority, 1402 
Grand Ave., McLaughlin Heigiits 
Vancouver, Wash. 


Pierron, Wm., Sr., City Hall, San 
Inspr., Bellingham, Wash. 
Rice, Archie H., 2nd Lt., Station | 


pital, Robins Field, Warner Ro 
Ga. 


Riedesel, G. A., Prof., School of En 
Moscow, Idaho 

Ruppert, E. L., Washington State 
Dept. of Health, 1412 S: 
Tower, Seattle, Wash. 

Shera, Brian L., Serv. Engr., Pen 
vania Salt Mfg. Co., Tacoma 
Wash. 

Signor, C. V., Water Supt., G: 
Pass, Ore. 

Sisler, H. H., Cons. Engr., 2821 
Ave. W., Seattle, Wash. 

Smith, Harvey J., Box 218, Se 
Moscow, Idaho 

Smith, R. Trumbull, 9818 \N_! 
Mason St., Portland 13, Ore. 

Smithson, Thomas, Cons. San. F: 
5301 N. Kerby Ave., Portland, O 

Smithwick, S. Carl, Dist. San. Eng 
Portland Cement Assoc., 1005 Old 
Nat’l Bank Bldg., Spokane, W 

Snyder, M. K., San. Engr., Seq 
Wash. 

Spaulding, L. H., 6851 E. Marg 
Way, Seattle, Wash. 

Spies, Kenneth H., 1617 N. E. 65t 
Ave., Portland 13, Ore. 

Sporseen, Stanley E., Sporseen & 
Assoc., 419 Platt Bldg., Portland 5, 
Ore. 

Stockman, L. R., Cons. Engr., Bak 
Ore. 

Sylliassen, M. O., Cons. Engr., 440! 
52nd Ave., N.E., Seattle, Was! 

Turner, Wm. S., W. S. Turner & ( 
Pacific Bldg., Portland, Ore. 

Tyler, R. G., Prof., Dept. of Ci 
Engrg., University of Washingt 
Seattle, Wash. 

Van Horn, R. B., Prof., Dept. of ¢ 
Engrg., University of Washingto 
Seattle, Wash. 

Vaaler, Adrian W., Cons. Engr., 8¢ 
Williamette, Eugene, Oreg. 

Vognild, R. O., Hooker Electroche: 
cal Co., Tacoma, Wash. 

Volpp, A. G., Water Supt., Box 114 

Willamette, West Linn, Ore. 

Warner, E. L., Mgr., Harrison Pi; 

Co., 3615 E. B St., Tacoma, Wa 

Washington State Pollution Comm., 

Gig Harbor Laboratory, Gig Ha: 

bor, Wash. 

Webster, Roy W., 

Spokane, Wash. 

Williams, Chas. H., City Engr. & 

Water Supt., 826 Percival St., 


1123 W. Sinto, 





Olympia, Wash. 








eee 








Vol. 18, No. 


2 MEMBERSHIP OF MEMBER 


ASSOCIATIONS 


399 


Pennsylvania Sewage Works Association 


S. Bush, Secretary-Treasurer, c/o Pennsylvania Department of Health, 


Kirby Health Center, Wilkes-Barre, Pennsylvania 


Mr. B. 

Adams, age F., Sewage Supt., 
R.F.D. No. 1, Duncansville, Pa. 

Allen, jana .. Engr., The Inter- 
state Commission on the Delaware 
a r Basin, 581 Broad St., State 

, Philadelphiz Pe 
ion Sy _ Lewis S., San: Eugr., US: 


sntiary, R. F, D. No. 3, Lewis- 
burg Pa 
3 2S. C., Danville State Hospital, 
| ille, Pa. 
Bainb idge, David W., 
Chestnut Hill, 


208 Yeakel 
Philadelphia, 


Asst. Engr., Albright 


Bale, Harvey E., 
& 50th St., Phila- 


el, Inc., 18 S. 

1 hy Fae 
Barrett, Cecil H., Sr. Designing Engr., 
D ff Design, D. P. W., 443 City- 


( ty Bldg., Pittsburgh 19, Pa. 
Barrick, M. J., Dist. Engr., Pennsyl- 
Dept. of Health, 138 E. 


I 1 St., Williamsport 6, Pa. 

: J. Conrad, Jr., Supt. of 
ng Stations, Lower Merion 
75 E. Lancaster Ave., Ard- 
P 
i. 





Bau J., City Engr., 3205 Broad 
{Itoona, "a: 

Beamesderfer, Jas. A., Chief Opr., 

Lebanon Sew. Tr. Plant, 613 4 
, Lebanon, Pa 

Bean, Elwood L., Chem., ‘Reve of 

\ er, 240 Chestnut St. Pier, 
lelphia 6, Pa. 

Beaumont, H. M., Engr., 480 Martin 
S Rox. | Philadelphia, Pa. 

Beckett, R. C., State San. Engr., 
State Board of Health, Dover, Del, 

Berry, Robert D., Chief Opr., 209 

klin St. Norris town, Pa 

Boa rdman, pny San. & Hyd. eat. 

13 Clarendon Rd., Penn Valley, 
rbert h , Pa 

Boaré dman, Wm. Hunter, Jr., Civil, 
Hyd. & San. Engr., 426 Walnut St., 
Philadelphia, Pa. 





dus, Theodore S., Prof. Engr., 
| Murphy St., Berea, Ohio 
Bolenius, Robert M., Chem., 561 S. 


Queen St., Lancas ster, Pa. 

Bontempo, Dominic, Chief 
Smith St. , Norristown, Pa. 

Brown, Dr. Glenn V., 312 E. 
~ Mechanicsburg, Pa. 

Brumbaugh, W. V., National Lime 
\ssn., om 15th St. N.W., Washing- 

D. 

Brunn, nal A., Jr., Mgr., Philip A. 

srunn, Jr., San. Div., Ingomar, Pa. 


Edward G. Budd Megf. Co., Aircraft 


Opr., 834 


Main 


embly Plant, Red Lion & 
rree Ras., Bustleton, Philadel- 
i, P: 

Bu ger a Dist. Engr., Penn- 


vania Dept. of Health, Kirby 
tlealth Center, Wilkes-Barre, Pa. 
Buckley, Thomas, Philadelphia Bu- 
au of Engr., City of Philadelphia, 
1103 City Hall Annex, Philadelphia 
Pa. 


Campbell, John, Cons. Engr., Chester 
igineers, 210 E. Parkway, Pitts- 
burgh, Pa. 

Carpenter, J. D., Civil Engr., Gannett, 
2 eming, Corddry & Carpenter Inc., 
Harrisburg, Pa. 

Carter, N. C., Chief Chem., Rainey- 

Vood C oke Co., Conshohocken, 


Pa. ° 





Caulwell, Wilson S., Opr., Boro of 
Ephrata, 223 W. Franklin St., 
Ephrata, Pa. 

Chase, E. Sherman, Metcalf & Eddy, 
1300 Statler Bldg., Boston, Mass. 
Chubb, Robert S., City Engr., 1318 

Carbon St., Reading, Pa. 

Cleland, R. R., 222 Hartswick Ave., 
State College, Pa. 

Clouser, L. H., Prin. San. Engr., 
Tennessee Valley Authority, 618 
Union Bldg., Knoxville, Tenn. 

Corddry, W. H., Gannett, Fleming, 
Corddry & Carpenter Inc., Harris- 
burg, Pa. 


Cosner, Lafayette, Opr., Doylestown 


Borough Sewer Dept., 77 N. Hamil- 
ton St., Doylestown, Pa. 
—— F. E., Chief, 4017 N. Second 


. Harrisburg, Pa. 

sai W. A., The Dorr Co., 570 
Lexington Ave., New York, N. Y. 

Davis, Edward T., Cons. Engr., 210 
E. Parkway, Pittsburgh, Pa. 

Dawson, Thomas T., Harwood Beebe 
Co., Montgomery Bldg., Spartans 
burg, S. C. 

Dermitt, Chas. W., Field Rep., Penn 
sylvania Salt Mfg. Co., 541 Union 
Trust Bldg., Pittsburgh, Pa. 

Diefendorf, Fred G., Supt., Sew. Tr. 
Plant, 346 W. Eighth St., Erie, Pa. 

Douglass, R. M., Civil Fngr., 912 
Columbia Bank Bldg., Pittsburgh, 
Pa. 

Durr, John J., Jr., Box 83, Bartley, 
i, eS 

The Mathie- 


Eastburn, W. H., Rep., 
Widener 


son Alkali Works, Inc., 
Bldg., Philadelphia, Pa. 
Eckbert, Chester A., 
Hanover, Pa. 
Edgerley, Edward, 343 
Ave., Lancaster, Pa. 
Elias, Geo. A., Dist. Engr., 
vania Dept. of ‘Health, 
Center Bldg., 121 N. 
Philadelphia 7, Pa. 
Elkland Leather Co., Inc., 
Leather Tannery, Elkland, Pa. 
Emerson, C. A., Havens & Emerson, 
Woolworth Bldg., New York 7, 
ry 


Borough Megr., 
N.W. End 


Pennsyl- 
412 City 
Broad St., 


Sole 


Emigh, William C., City Engr., 


Coatesville, Pa. 

English, Joseph, Jr., Opr., Municipal 
Sew. Tr. Works, 927 Ford St., 
Bridgeport, Montgomery Co., Pa. 

Estrada, Alfred A., Civil Engr., Al- 
bright & Friel, Inc., 7950 Bayard 
St., Philadelphia 19, Pa. 


Evans, James, Water & Sew. Supvr., 
Reading Army Air Base, 343 Car- 
sonia Ave., Reading, Pa. 

Faber, a" A., 50 E. 41st St., New 

OTK _N. 

temiec, a C., Div. 

Co., Ine:,; York; Pa 

Foster, Norman, Cons. [engr., Damon 
& Foster, Chester Pike & High St., 
Sharon Hill, Pa. 


Freeburn, H. M., Dist. Engr., Phila- 
delphia Suburban Water Co., 1251 
Montgomery Ave., Wynnewood, 
Pa. 

Freund, J. P., Vice-Pres. & Plant 
Engr., Wyomissing Valley Disposal 
Co., P, O. Box 940, Reading, Pa. 


Engr., Hardinge 





Friel, F. S., Cons. Engr., Albright & 
Friel, 1520 Locust St., Philadelphia, 
Pa. 

Fulmer, John O., Jr., City Chem., 
Easton, Pa. 

Funk, John T., Jr., Borough Engr., 
Municipal Bldg., Tyrone, Pa. 

Gerhart, Edgar, Opr., Sew. Disp. 
Plant, Spring City, Pa. 

Gidley, H. K., Assoc. Engr., State 
Health Dept., Charleston, W. Va. 

Gilbert, J. J., Lt. Col., San. Engr., 
1904 Worth Ave., Silver Springs, 
Md. 

Gill, Paul, 725 Chestnut St., 
Pa. 

Glace, I. M., Cons. Engr., 20 S. 22nd 
St., Harrisburg, Pa. 

Godshall, Horace E., Supt., 
and Grounds, Ursinus 
Collegeville, Pa. 

Goff, Wm. A., Cons. Engr., Broad St. 
Station Bldg., 16th & Pennsylvania 
Blvds., Suite 1411, Philadelphia, 
Pa. 

Gorman, Wm. A., Capt., Pennsylvania 
Dept. of Health, Harrisburg, Pa. 
Gracenin, Sylvester, Opr., 778 Cedar 

St., Sheron, Pa. 

Grossart, L. J. H., Cons. 
Chew St., Allentown, Pa 

Gruss, John G., Civil bi ngr., Albright 
& Friel, Inc., 4638 N. 13th St., 
Phil: idelphia 40, Pa. a. 

Haddock, Fred. R., Chief Engr., 
Roberts Filter Mfg. Co., Darby, Pa. 

Harris, J: F., Stroudsburg Septic Tonk 
Co., 312 Main St., Stroudsburg. Pa. 

Hart, W. B., S ory Gas, Acid, & 
Drainage Dept., The Atlantic Re- 
fining Co., 3144 Passyunk Ave., 
Philadelphia, Pa. 

Hartzell, E. F., Supt., Palmerton Dis- 
posal Co., Palmerton, Pa. 
Haseltine, T. R., San. Engr., 
Centre Ave., Pittsburgh, Pa. 
Haven, John F., Mayor, City- Bldg., 

New Castle, Pa. 

Haworth, J. V., City Secretary, Moy- 
lan, Rose Valley, Pa. 
Haydock, Chas., Cons. 
Commerical Trust Bldg., 

phia 2, Pa. 

Hedgepeth, L. L., Res. Chem., Penn- 
sylvania Salt Mfg. Co., 1000 Wid- 
ender Bldg., Philadelphia, Pa. 

Heller, C. F., Sec., 
Septic Tank Co., 312 
Stroudsburg, Pa. 

i H. N., 114 Java Ave., 

Pa 


Indiana, 


Bldgs. 
College, 


Engr., 816 


4817 


Engr., 311 
Philadel- 


Stroudsburg 
Main St., 


Hershey, 


teen Daniel J., Jr., San. Engr., 7530 
St. Charles Ave., New Orleans, La. 

Hess, Edward C., Prof. Engr., 33 N. 
7th St., Stroudsburg, Pa. 

Hewitt, A. C., Chief Engr., Warren 
County, Bellefonte, Pa. 

Hibschman, Charles A., Supt., 
Borough, Ambler, Pa. 

Hill, Theo. C., Cons. Engr., Hill & 
Hill, Engineers, North East, Pa. 
Hoak, Richard D., Res. San. Engr., 
Mellon Institute of Industrial Re- 

search, Pittsburgh, Pa. 

Hodge, W. W., Head, Dept. of Chemi- 
cal Engrg., West Virginia Univer- 
sity, Morgantown, W. Va. 


Ambler 
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Hoeflich, G. C., Opr., 619 Saude Ave., Mitzel, Robert W., Supt., Sew. Disp. ; Rogers, D. Paul, Senior Chem., State 


Essington, Pa. | Plant, City Hall, York, Pa. Dept. of Health, Harrisburg, Pa 
Hoffert, J. R., Pennsylvania Dept. of | Moeller, Bernard B., Opr., 8705 Star- | | Rosengarten, W. E., Twp. Engr., 75 
Health, Harrisburg, Pa. | dust Lane, Philadelphia 36, Pa. FE. Lancaster Ave., Ardmore, Pa. 
Hutton, H.S., Wallace & Tiernan Co., | Moon, James N., Sewer Supt., Media, | | Rubincam, James L., Asst. Water & 
Inc., ‘Newark, nN. J. Pa | Sewage E ngr. , Middle Holland R ad 


Imbt, M. Russell, Sales Engr., | ies: Charles A., Opr., Sew. Disp. | R.F.D. No. 2, Newtown, Pa. 
Stroudsburg Septic Tank Co., 312 | Plant, 450 Green St., Royersford, | Schatz, Robert J., 231 S. Atherton 





Main St., Stroudsburg, Pa. | Pa. ‘ St., State College, Pa. 
Jenne, Lyle L., San. Engr., 825 City wert Paul J., Supt., Sew. “ Plant, | Schaut, George G., Chief Chem.. 
Hall Annex, Philadelphia, Pa. 319 S. Sixth St. ” Reading, Pa. | 1308 W. Ontario St., Philadelphia, 
Johnson, Earle P., Flannery Bldg., | Morrisey, Richard A., Wz ater Supply | Pa. 
Pittsburgh, Pa. & Sewage Engr., 16 Potter St., Scheffer, Louis K., 1013 Green St., 
Jones, E. M., Gen. Megr., Simplex Lacey Park, iatboro, se _ Harrisburg, Pa. 
Valve & Meter Co., 68th & Upland | Moses, H. E., 1522 N. Second St., | Schroeder, Harry, Opr., 204 Charles 
Sts., Philadelphia, Pa. Harrisburg, Pa. St., Coatesville, Pa. 
Jones, Frank Woodbury, 1140 Leader Mowrey, J. Hase, . Rep., Boro of Schwartz, H. L., Eastern Dist. Rép., 
Bidg., Cleveland, Ohio ee a ublic Utilities, | The American Well Works, lnc., 
Kappe, S. E., Dist. San. Engr., 5230 J aigarctaegtes ag asheslnct | 807 Commercial Trust Bldg., Phila 
i ae Mowry, R. B., 1649 N. Broad St.,| _delphia 2, Pa. 


Massachusetts Ave., Washington, . ‘ 
D. C. Philadelphia, Pa. Geo. P., Capt. Post Eon 


Kielkopf, Frederick J., Asst. Supt. & | Moya, Ing. Victor Jose, C.E., Avenida} M.H.&R. P., "Marietta, Pa 
Chief Opr., Radnor-Haverford | Juarez N° 60-207 y 208, Mexico, idigors 5. M., Cc - »m., Elkins Tannery, 
Sewer Tr. Plant, 1122 Garfield Ave., | __D.F., Mexico | Elkins, W. 
Manoa, Upper Darby, Pa. Mulvihill, Francis J., Admin. Asst. Shank, John jc hem., Dir. of Wayne 


5 . : Corps of Engrs., 1028 C = ut 
s ) ) | tp g 
Kinderman, Wm., Supt., 200 N. 26th | Ave NAW. W pkhinotor aD: 


St., Camp Hill, Pa. 


| Laboratories, 17 EK. Main St., 
é Waynesboro, Pa. 
Pesoeseg Wm. J., San. Engr., 3084 Sheen, Robert T., Chem. Engr., 1300 


Klein, Lewis, City Supvr., 2221 : : 
Perkiomen Ave, Mt. Penn, Read- Drexel Hill Rd., Pittsburgh, sien | eee Mermaid Ave., Philadelphia 18, 
ing, Pa. | Nelson, H. Lloyd, Asst. Res. Engr. Pa. 

7 . sales vr T © Dine 2 

Krum, Harry J., City Chem.; Jeffer- | rag Se - gt cong b> : Sherratt, Gayle F., Dist. Mgr., Chain 
son & Lawrence Sts., Allentown,| * “Bld ry ayes ge Serre n A Belt Co., 614 Grant Bldg., Pitts 
Pa. | erty dg., broad ¢ lestnut Sts., | burgh 19, Pa 


Philadelphia 7, Pa. 


Langford, Leonard L., Pacific Flush | ©*Donnell, R.. Prot. Hyd esa: | aaastieee, J.H., ‘City Engr., Lancaster 


Shivers, Clifford H., The Ballinger 


Leithiser, E., Supt., New Eastern | ( ‘ 
erate | Oplinger, Lester, Opr.. 803 Washing- |", ios S. 12th St., Philadelphia, 


State Penitentiary, c/o Mr. John H. ton Ave., Northampton, Pa. 


Tank Co., 441 L exington Ave., New 5 9 &. Ss * 
York, N. Y. | 3 se oho ho, ee ae Se Shields, James L., Civil Engr., Tex- 

Leh, Major Willard, 1376 Perkiomen Key Hara, John, Opr., White pit sven | tile Machine Works, P. O. Box 1382, 
Ave., Reading, Pa. Sanatorium, White Haven, Pa. | Reading, Pa. 

Leinbach, Harry, Orp., Sew. Tr. | Olewiler, Grant M., “Ag in. Shiffer, Russell R., Supt. of Public 
Plant, 234 Greenwich St., Kutz Drainage, Lower Merion “ze| W orks, 313 Wallace St., Strouds 
town, Pa. FE. Lancaster Ave., Ardmore, Pa. | __ burg. Pa. 

| 


Pa. 


Flohr, Sr., Graterford, Pa. 
: : ae Pardew, W. Holmes, Sales E : 
Long, George S., Designing Engr., 816 The Buchwall MAME: Co. aati Showalter, Chas. M., Steward, Laure! 
Chinook Ave., Akron, Ohio Ross St., Pittsburgh, Pa. 4 ton State Village, Laurelton, Pa. 
Longley, Paul N., Supt., Radnor- | payrow, Harry G., Re Asst. Prof, | Sieber, John D., Civil Engr., 8420 
Haverford Sew. Tr. Plant, Glen- | ay a thee. of Civil Seve Ardleigh, Philadelphia 18, Pa. 


— +0) sae Air, Newton | Lehigh University, Bethlehem, Pa. Siebert, Christian L., Exec. Engr., 
Square P. otha . \Pealer, Thomas; Civil Engr., Box 222 Willow Ave., Camp Hill, Pa. 
“ <7. 251 Roslyn Ave., Glen- | No, 267, Indiana, Pa. | Smith, Marvin L., Major, 20 E. 
side, Pa. Delaware Place, Chicago 11, Ill 

‘ . | Pecker, Joseph S., Pecker, Simpson & | 
McAdoo & Allen Welting Co., S. G ladec k, 200 Madison Ave., New | Snelsire, William, Rep., Pennsylv ania 


Hellertown Ave., Quakertown, Pa.| York, N.Y. | Salt Mfg. Co., 641 Union Trust 
McCabe, Michael, Opr., 501 FE. Wal | Phillips, Roy L., City Engr., Mead- Bldg., Pittsburgh, Pa. 

nut St., North Wales, Pa. | ville, Pa. Spear, William B., Supt., Sew. Disp. 
McCartney, C. L., City Comm., Dept. | Ralston, Wilmer R., Sewerage Opr., Plant, R.F.D No. 7, Chambersburg, 

of Streets & Public Improvement, | 214 William St., Downingtown, Pa. Pa. 

2024 Fourth Ave., Altoona, Pa. |Redman, Geo. W., Opr., 336 E. | Speiden, Prof. H. W., Dept. oi Civil 
Mallory, Edward B., Cons. Engr.,| Lincoln Hwy., Coatesville, Pa. Engrg., West Vi irginia University, 

Res. Laboratories, ‘Lancaster Iron | Reese, Marshall, Rep., Buck Hill | Morgantown, W. Va 

ee Inc., 5 , Zabriskie St.,| Falls Co., Buck Hill Falls, Pa. <<. H. M., 35th & Allegheny 

ackensack, N. | s : Se _ Ave., Philadelphia, Pa. 

Mansfield, M. G., Rep. & Cons. E Sam | Reve ee led. on 309 1 a Walter, Sew. Plant Supt., 








Morris ‘Knowles, Inc., 1312 Park | “ St°'Fox Chase, Philadelphia, Pas | Budd Mig. Co., 3433 Ryan Ave., 


Bldg., &S field St., | A a > 2 
Idg., Fifth Ave. & Smithfie a bs Reuning, Howard T., Engr., Keystone Philadelphia 36, Pa. 





Pittsburgh, Pa. ro ° & i ’ : : 
‘ ; ? Tanning and Glue Co., stont- | Siesesies Charles W., Opr., Ricii 
ae ee. AS go = a | morenci Rd., Ridgway, Pa. boro, Pa. : 
ee ee ants ee csicaeigat ‘é | Rhoads, Edward J., Supt. Sew. Tr. | Susa, Stephen A., Supt. of Sewage 

Matter, L. D., Dist. Engr., 2536 Lex Plant, City of Lancaster, 531} Plant, 306 Hamilton Ave., Farrell, 

ington St., Harris sburg, Pa. | Chester St., Lancaster, Pa. | Pa. 
Mebus, George B., Cons. Engr., 112 | Rice, John M., Cons. Engr., Century | Swab, Bernal H., San. Engr., 606 

S. Easton Road, Glenside, Pa. Bldg., Pitts burgh 22, Pa. Toledo Trust Bldg., Toledo 4, Ohio 
Merkel, Paul P., Cons. Chem., 1707 | Rickenbach, Howard F., Borough | Swinehart, Eugene B., Chief Opr., 

Olive St., Reading, Pa. Mgr. of West Reading, Borough Pottstown Boro Sew. Disp. Plant 
Metzger, Ambrose B., Supt., Sew. Hall, West Reading, Pa 1133 South St., Pottstown, Pa. 

rr. Plant, 731 Libert St., Allen- | Rockstraw, F. W., Dist. ides Mgr., | Tabor, James Vernon, Sew. Plant 

town, Pa. Chicago Pump Co., 420 Oliver} Opr., Pennhurst State School, 
Miller, J. John, Major C.E., 0- 299155, | Bldg., Pittsburgh 22, Pa. Spring City, Pa. 

G-5, 106th Inf. Div., ABO 443, c/o | Roeller, R. S., Field Sales Mgr., | Tark, M. B., San. Engr., 5125 Syden- 

Postmaster, New York, N. Y. | Pennsylvania Salt Mfg. Co., 1000 ham St., Philadelphia 41, Pa. 
Miller, Lewis B., Cons. Engr., 245 | Widener Bldg., Philadelphia, Pa. Tarman, John E., W. H. & L. D. Betz, 

Forrest St., Ambler, Pa. |Roetman, Edmond T., San. Engr.,| Chem. Engrs., Gillingham and 
Milligan, Francis B., 2314 Walnut American Viscose Corp., Mercus Worth Ste Frankford, Philadel- 

St., Camp Hill, Pa. Hook, Pa. phia, Pa. 
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aylor, Henry W., Cons. Engr., 11 

Park Place, oo Vork. N.Y. 

Temple, N. E., 153 Rosemont Ave., 
Coatesville, Pa. 

Thorn, Wm. J., Branch Mgr., Innis, 


Speiden & Co., 401 N. Broad St., 
Philadelphia, Pa. 

Trebler, H. A., Chem. 
Eutaw Place, Baltimore 17, Md. 

Turner, Homer G., Res. Engr., Penn- 
sylvania State College, State Col- 
lege, P% 

on, c. B., Rep., Wallace & Tier- 
nan Co. Inc. Ss 190 Christopher St., 
Montel air, MN. 3. 

Umbenhauer, E. J., Dept. of Water & 
Sewerage, El Paso, Tex. 


Van Atta, J. W., Vice-Pres., 


Engr., 1403 


Ralph B. 
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Walker, Edward A., 117 College Ave., 


Mt. Pleasant, Pa. 

Watkins, F. B., Engr. 
Bathing Places, Pennsylvania Dept. 
of Health, Bureau of San. Engrg., 
Harrisburg, Pa. 

Weachter, Horace, Supt., Boro of 
Lansdale, 110 Courtland St., Lans- 
dale, Pa. 

| Weisel, W. O., City 
Public Works, 
Doylestown, Pa. 

Wertz, C. F., Res. 
482, Miami, Fla. 

Weston, Roy F., San. Engr., 3144 
Passyunk <Ave., Philadelphia 45, 


Engr., Supt. of 
Borough Hall, 


Engr., P. O. Box 


a. 
Whitby, Stephen S., c/o Chicago 
Pump Co., 2019 Rittenhouse 


Square, Philadelphia, Pa. 
Whitcomb, Leon R., San. Engr., 

West Ave., Jenkintown, Pa. 
White, F. L., Supt., Youngsville Sew- 
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age Works, 316 Main St., 
Youngsville, Pa. 
Wiest, Gordon J., Chem., 425 Cott- 


man St., Jenkintown, Pa. 
Williams, A. C., Haverford Township 


Engr., Upper Darby Post Office, 
Oakmont, Pa 
Williams, William D., Div. Engr. | 


Morris Knowles Inc., 144 Marshall 
Ave., Pittsburgh 14, Pa. 


in Charge of 
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Wirt, R. M., San. Engr., Court House, 
Arlington, Va. 

Wismer, J. Earl, Asst. Opr. & Chief 
Maint., Doylestown Borough Sewer 
Dept., 57 Hillside Ave., Doyles- 
town, Pa. 

Woodring, R. W., City Chem. & 
Bact., Bethlehem City Laboratory, 
Third & Adams Sts., Bethlehem, 
Pa. 

Woodward, John D., 
204 E. Tenth Ave., 
Pa. 

Worrest, Howard A., Supt. of Water 
& Sewers, Borough of Millersville, 
Millersville, Pa. 

Wyant, Clifford, Asst. 
Richboro, Pa. 

Yenchko, John, San. Engr., 696 N. 
Locust St., Hazelton, Pa. 


Plant Supvr., 
Conshohocken, 


to Chief Opr., 





Yerkes, Milton R., Engr., Radnor 
Twp., Wayne, Pa. 

Young, C. H., Dist. Engr., Pennsyl- 
vania_ Dept. of Health, 608-09 
Crawtord County Trust Bldg., 
Meadville, Pa. 

Young, Norman, C. Borough Megr., 


Borough Hall, Phoenixville, Pa. 


| 

Zack, Samuel I., San. Engr., Gannett, 
Fleming, Corddry & Carpenter Inc., 
600 N. Second St., Harrisburg, Pa. 
| Ziegler, C. H., Opr., Nazareth Sewer- 
' age Co., Nazareth, Pa. 


Rocky Mountain Sewage Works Association 


Carter Co., 53 Park Place, New 
York, N. Y. 

Varner, Frank S., San. Engr., 1019 
18th Ave., Altoona, Pa. | 

base 4 Frank E., Asst. Engr., Al- 

ight & Friel, Inc., 7297 ‘*C”’ 
or ord Rd., Upper Darby, Pa. 

Wagner, Edwin B., Res. Engr., 
Downington, Pa. 

Wagner, Vincent, Gen. Foreman, 
ayy \. Brunn, Jr., Sanitary Div., | 
R.F.D., Wextord, Pa. | 

Waite, Paul Wy Chema & Ikland | 
Leat , Inc., Elkland, Pa. ! 

Mr. 
—— David W., Chem. 429 N. 
rd St., L indborg, Kans. | 
iene oO. . Asst. San. Engr., Post 
Ingr., Fort Warren, Cheyenne, | 
Wyo } 

Cary, Glen, Sr., Opr., Ft. Logan Sew. 
rr “lg ant, 2926 Eaton St., Denver, 
Cx 

Siti: C. R., 1420 Dahlia St., 

enver, Colo. 


Coberly, Carroll H., 
Welton St., 


Cons. Engr., 1441 
Denver, Colo. 


Coplen, Warren W., - ity Mer., Box 
656, Portales, N. N 
Coy, Burgis, City i City Hall, 


Ft. Collins, Colo. 

Dagger, G. E., Supt. Water & Sewage, 
Unit 3, Route 2, Box 103, Littleton, 
Colo. 

Davis, Charles A., City San. Engr., 
City and Co. Bldg., Denver, Colo. 

DeVal, Eric, Sanitarian, Weld Co., 
1110 Holly St., Denver, Colo. 

Donnell, Geo. M., ( 
land, Wyo. 

Dyrenforth, Donald, The 
1009 Seventeenth St., 
Colo. 

Fallon, Raymond D., Spec. Rep., 601 
Colorado Blvd., Denver, Colo. 

Foster, Robert F., Opr., Route 2, Box 
103, Littleton, Colo. 

Franks, John T., San. Engr., 
Service Command, 5843 
St., Omaha 4, Nebr. 

Freeman, W. B., Mgr., Lock Joint 


‘ons. Engr., Wor- 
Dorr Co., 
Denver, 


Seventh 
Erskine 


Pipe Co., 1716 California St., 
Denver, Colo. 
Gilfrey, Grant S., Asst. Army Engr., 


822 W. Second St., 
Golbert, George M., 

Pueblo, Colo. 
Graham, Maynard, Water & Sewage 

Supt., 601 W. Third St., Loveland, 


Olo, 


Cheyenne, Wyo. 
2620 Six Ave., 





Carroll H. Coberly, Secretary-Treasurer, 1441 Welton Street, 


Greene, J. F., Chairman Sewer Com 
mittee, 804 W. Fifth St., Loveland, 
Colo. 

Gross, Dwight D., Chief Engr., Board 
of Water Commissioners, P. O. 


Box 629, Denver 1, Colo. 

Henderson, Carl, Sanitarian, State 
Dept., ot Health, Box 711, Santa | 
Fe, N. 

Hendry, Chareaes E.,-Opr., 132 W. 
J St., Casper, Wyo. 

Howe, Ben V., Dir., Div. of San. 
Engr., Majestic Bldg., Denver 2, 
Colo. 


Hyatt, Carl, Sewage Plant Op., Estes 
Park, Colo. 


Jenks, Glen, Supt., 
St., Sheridan, Wyo. 


875 W. Loucks 


Kepner, Dana E., 1921 Blake St., 
Denver, Colo. 
Knollman, Fred, 2644 S. Lincoln, 


Denver, Colo. 
Lamb, Max R., Chem., Fort F. E. 
Warren, Cheyenne, Wyo. 
Lambert, George, Drake, 


Colo. 


Leonard, W. V., San. Engr., Dir. of 
Public Health Engr., Cheyenne, 
Wyo. 

McClintock, H. C., City Megr., 


Boulder, Colo. 

McLaughlin, H. L., Pittsburgh Meter 
Co., 1310 Race St., Denver, Colo. 
Marshall, Herbert, Supt. 
Water, Walden, Colo. 
Mather, L. A., Sewer Supt., Box 590, 

Sterling, Colo. 
Moudy, R. B., Asst. 
Casper Air Base, 
Casper, Wyo. 
Newell, M. A., Sales Mgr., Hardesty 
Division, Armco Products, Box 
2170, Denver, Colo. 


Light and 


San. Engr., 
616 S. Wolcott, 


Denver 2, Colorado 


| Nielson, N. P., 
Route 2, Box, 
| Oliver, Warren, Assoc. 
| War Dept., 2321 N. 
| Omaha 4, Nebr. 
| Olson, Jack, Works Supt., 
} Colo. 
Osborn, L. C., City Engr., 2209 FE. 
| 16th Ave., Denver 6, Colo. 


Supt. Sewage Plant, 

30 Pueblo, Colo. 

San. Engr., 
62nd St., 


Arvada, 


| Osenbaugh, R. J., Denver Sewer Pipe 
& Clay Co., P. O. Box 2329, Den- 
ver, Colo. 

Poston, R. F., San. Engr., 151 U.S. 
Court House, El Paso, Tex. 

| Ratcliffe, Robert C., 3519 
Blvd., Cheyenne, wg 

Ruckel, Paul J., Sr., Naval Ait 
Station, c/o Public Wore Olathe, 

| Kans. 

Ryan, Alfred J., Cons. Engr., First 
Nat'l. Bank Bldg., Denver, Colo. 


| Rymer, Mary E., Mrs., City Chem., 


Hynds 











| City Hall, Colorado Springs, Colo. 

Samson, R. A., Water Supt., Brighton, 
Colo. 

Sayer, Leslie, Sanitarian, Trinidad, 
-O1O, 

Schirk, J. M., 804 E. Third St., 
Casper, Wyo. 

Schloss, Chas. M., Cons. Engr., 
Schloss and Shubart, 520 Boston 
Bldg., Denver, Colo. 

Starks, Lee W., Box 383, Casper, 

yo. 

Stipe, George J., Chem., Buckley 
Field, Apt. 22, 10751 E. Coltax 
Ave., Aurora, Colo. 

Streeter, Robert L., Cons. Engr., 
Gillette, Wyo. 

Studinski, C. R., City Engr., City 
Hall, Pueblo, Colo. 

Tallent, Lee H., Supt. of Works, 
Estes Park, Colo. 
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Thompson, N. J., Sec. and Sales Megr., 
Thompson Pipe and Steel Co., 3001 


Larimer, Denver, Colo. 
Urquhart, M. B., Mfgs. Rep., 
Blake Sts., Denver, Colo. 
Van ie Joseph A., Box 276, Toole, 

Uta 


16th & | Veatch, F. M., Cons. 


SEWAGE WORKS 


Vaseen, V. A., 1 
A.A.F., B.U 
} Charles, La. 


Broadway, Kansas City, Mo. 


lec Henry G., City Engr., 102 


City & Co. Bldg., Cheyenne, Wyo. 


JOURNAL 


st Lt. 0-519958, 332nd , Wilson, 
.. c/o Postmaster, Lake 


Engr., 4706 





March, 1946 


Office of Post Engr., Roswell Army 
Air Field, Roswell, N. M. 

Wright, Arthur, San. Supvr., Federal 
Correction Institute, Englewood, 


| Colo. 


Sanitary Engineering Division, Argentina Society of Engineers 


Julio Cavicchia, 


Secretary, Division de Ingenieria Sanitaria Centro Argentino de Ingenieros 


Buenos Aires, Republica Argentina, South America 


Carrique, Carlos S., 
Temperley ) 
tina, South America 


Daireaux, Carlos F., Catamarca 2951, 
Olivos (FCCA), Republic Argentina | 


South America 


Avellaneda 315, 
(FCS) Republic Argen- | 


| Ivanissevich, Ludovico, Juncal 1770, 


Buenos Aires, Republica Argen- 
tina, South America 

Semino, Carlos A., Armiento a “ps 
Buenos Aires, Republica Argen- 


tina, South America 


| Weiss, Federico F., 


Crisol 160, + 
doba, Republica Argentina, s 
America 

Wenselblat, Nicolas R., Acevedo 2448 
Buenos Aires, Republica Arg¢ 
South America 


Sewage Works Section—Texas Water Works and Sewage Short School 


Mr. V. M. Ehlers, Secretary-Treasurer, c/o State Department of Health, 


Albright, Philip N., 

yler, Tex. 

Allen, J. S., Box 72, Buffalo Gap, Tex. 

Allison, S. L., Supt., 1218 Sixth St., 
Corpus Christi, Tex. 

Andrews, R. U., 301 City Hall, Fort 
Worth, Tex. 

Bandy, W. A., 4402 Avenue F., 
22, Tex. 

Bartlett, Dan T., R.F.D. 9, Box 136, 
Dallas 10, Tex. 

Becker, Philip G., Jr., 2765 Primrose, 
Fort Worth 3, Tex. 

Bell, John S., c/o Tarrant Co. Health 
Unit, Fort Worth, Tex. 

Berg, E. J. M., Supt., Route No 7, 
Box 219, San Antonio, Tex. 

Billings, C. H., Jr., Engr., State Dept. 
of Health, Austin, Tex. 

Billings, L. C., Supt. & Chief Chem. 
Water & Sew. Tr., City of Dalla 
Dallas, Tex. 

Bryan, A. C., San. Engr., 777 Sue- 
barnett, Houston 8, Tex. 

Burden, J. P., City Engr., San Angelo, 

ex. 

Cash, Kenneth, 
Lawton, Okla. 

Classen, Ashley G., Cons. Engr., P. O. 
Box 58, El Paso, Tex. 

Collins, E. B., Prisoners of War, Camp 
Hearne, Hearne, Tex. 

Connell, C. H., Major, 4711 Sinclair 
Ave., Austin, Tex. 


Austin 


116 S. Seventh St., 


Crawford, S. S., 708 Clarence St., | 


Lake Charles, La. 

Crawford, Sinclair S., Jr., San. Engr., 
c/o Texas State Dept. of Health, 
Austin, Tex. 

Crocker, B. A., City Engr., Box 551, 
Longview, Tex. 

Culli, George O., ys State Dept. of 
Hez alth, Box 5, S. San Antonio, Tex. 

Dearmin, Paul “i 900 N. Main St., 
Fort Worth 6, Tex. 

Dickson, D. B., R & U Div., Eighth 
Service Command, Santa Fe Bldg., 
Dallas, Tex. 

Dixon, R. M., Major, C.E., R & U 
Branch, E ighth Service Command, 
Santa Fe Bldg., Dallas, Tex. 

Fowler, James D., Cons. Engr., 
Great Nat’l. Life Bidg., Dallas, Tex. 

Fugate, G. L., Cons. Engr., 631 Har- 
vard St., Houston 7, Tex. 


P. O. Box 268, 


Hays, Clyde C., Pres., 


| Gaunt, W. C., Ist Lt., Med. A.U. 
Rochester, Tex. 

Grant, Howard L., M. T. Garrett | 
Engrg. Co., 1806 Milam  St., 
Houston 3, Tex. 

Griffin, H. P., Assoc. 
Supt. Corps of 
Field, Tex., 
Allen, Tex. 

Griffith, L. B., Cons. L[ngr., 904 

| Medical Arts Bldg., Waco, Tex. 

| Grimes, Ben L., Jr., Capt., R & U 
Branch, Eighth Service Command, 
Santa Fe Bldg., Dallas, Tex. 


Civil Engr. & 
Engrs., Moore 
403 N. 12th St., Mc- 


| Hamlin, F. M., c/o Water Dept., | 


McAllen, Tex. 

Hays Process 
Co., P. O. Box 768, Waco, Tex. 

Helland, H. R. F., Cons., Engr., 


Frost Nat'l. Bank Bldg., San 
Antonio 5, Tex. 

Hiser, F. C., Route 2, Box 558, Deni- 
son, Tex. 


Joiner, W. N., Water Works Supt., 
San Marcos, Tex. 

Johnson, Cleo V., 833 
Abilene, Tex. 

Keef, Walter L., Box 402, Mexia, 

ex. 

King, Arch L., City Engr., 
Lubbock, Tex. 

Lasaga, Andres, International Bound- 
ary Commission, P. O. Box 14, El 
Paso, Tex. 

Ledeen, Rudolph W., P.O. Box 701, 
East Hooks Courts, Hooks, Tex. 
Lewis, Harry C., P. O. Box 1565, San 
Antonio, Tex. 
Livingston, L. E., 
Dallas 5, Tex. 
McAfee, H. D., Supt. Water & Sew., 
Lone Star Defense Corp., Texark- 

ana, Tex. 

McCan, Wm. Warren, 308 S 
Deming, N. M. 

Mahlie, W. S., Chem. in Charge of 
Water & Sew. Purification, Fort 
Worth, Té&. 

Meaney, W. J., Capt., 
New Orleans 20, La. 

Moor, W. C., Chem. in charge of 
Sewage Plant, Armour & Company, 
Stock Yards Station, Fort Worth 
6, Tex. 

Mulholland, R. A., Engr., 1006 Harper 


Edward St., 


City Hall, 


3921 Purdue St., 


5. Copper, 


13 San Jose, 





Lane, Austin, Tex. 





Austin 25 Texas 

Neffendorf, Alfred, Water & 
Supt., Fredericksburg, Tex. 

| Newland, Stewart H., Dist. | 
W allace & Tiernan Co., 2414 
St., Lubbock, Tex. 

Otts, Louis E., Jr., San. Engr., O 
Box 4025, College Station, 
Outlow, J. M., 835 E. Bra 
Heights, Del Rio Army Air | 

De! Rio, Tex. 


Parrish, Clifford M., Lt., 0-539 


c/o Mrs. Patricia Parrish, 
Hope, Ill. 
Patterson, Dewey O., Supt., Box 63 


Nacogdoches, Tex. 

Peak, M. C., 2713 Texas St., G 
ville, Tex. 

Pearl, Emanuel H., Cay Apt. 76 
2423 Anniels Dr., ’Dallas 11, Tex 

Powell, Francis, Box 1834, Waco 

Powell, W. L., Lt. Comdr., 78035, 
2022 Republic Bank Bldg., Da 
Tex. 

Preston, A. M., Route 1, Box 
Corpus Christi, Tex. 

Pruitt, A. C., Fairfield, Calif. 

Puckhaber, Fred H., Dist. 5S 
Office, Wallace & Tiernan Co., 1 
1112 Liberty Bank Bldg., Da 
Tex. 

Ronhovde, I. N., c/o Post FE: 
Office, Camp Wolters, Tex. 

Rothrock, R. K., 5316 Dryades 5 
New Orleans, La. 

Seligmann, Irving S., Civil Engr., 323 
W. Market St., Seguin, Tex. 

Smith, Mansel W., Acting Supt., ‘ 
Sew. Tr. Plant, P. O. Box 1160 
Austin 4, Tex. 

Smith, Stanley F., Sebastian, Tex. 

Stanford, W. J., North Camp Hood 
Hdas., Camp Hood, Tex. 

Stanley, J. B., 905 15th St., Hunt 
ville, Tex. 

Sterbcow, Edith, Miss, 4617 Prytai 
New Orleans, La. 

Stigall, J. C., 3558 San Antonio St., 
Corpus Christi, Tex. 

Street, Haskell R., Chem., 382! 
Memphis, El Paso, Tex. 

Todd, Lee O., 1327 Hargrove 5 
Ardmore, Okla. 


J. Preston, San. FEngr., 
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Wilson, Walter, c/o Post Engr., Camp 


, N. E., Water & Sewer Supt., | Whipple, Frank E., Apt. 164, Blythes- 
as Livingston, La. 


, ee ville Army Air Field, Blythesville, 
, W. P., Jr., Engr., State Dept. Ark. | Winston, Joe B., Assoc. Prof., Pre- 





[ealth, 509 Carancahua, Corpus | White, Clyde, Water Supt., Box 194, ventive Medicine & Public Health, 


ti. Tex. Kermit, Tex. | University of Texas Medical School, 
; bo 2 " ’ | Galveston, Tex. 
R. H., Engr., Texas State | White, W. E., Public Works Dept., Wright, Scott, Comm. Light, Water & 
of Health, 1512 South St.,]| City Hall, Houston, Tex. oe Dept Cresnvilie fee. . 
lle, Tex. | pends ‘ —— . a ; ey 
} | Williams, Johnnie E., R & U Div.,| Zeller, P. J. A., Res. Associate, 
H. O., 2405 Eighth St., Wich- | Eighth Service Command, Dallas Engrg Experiment Station, A & M 
s, Tex . 2, Tex. ' College, College Station, Tex. 








Abeles, Joseph C., New Jersey | Armeling, Geo. 
Abernethy, P. L. North Carolina | ware 
Abplanalp, C. C 
Abrams, M. F., New York (Dual- Arnold, I 

New England) | Arnold, Earl 
ne Judson B., Federal) 
Acri, P., Canada 






California 


































































ps cng Chas. F., Pennsylvania Federal) 
Adams, Chas. L., Central States Arrowsmith, 
Adams, Clarence D., Central States Artese, 


Astiat. 1. 7. 
Ash, Simon H., 
Ashby, E. 


Adams, Frank, Central States 
Adams, George R., Central States 
Adams, J. J. California 

Adams, J. K., New Jersey 

Adams, Milton P., Michigan 
Adams, Robert R., North Carolina 
Adcock, Horton C., New England 
Adkins, W. W., North Carolina 
Adolphe, R. C., California 
Aeryns, Albert N., New York 
Agnano, Paul, Federal 


Atkins, C ar 
Austin, F. H. 
Automatic Cor 


\very, 
Avery, N. ( 


Agostinelli, Anthony J., New York Ayers, Lewis 'S., 
Ahrens, G. C., Iowa 

Albers, J. o California | Babbitt, H. E., 
Albrecht, Robert H., New York 

Albright, Philip N., Texas Bachmann, Fra 





Alden, Clifford E New E ngland Backherms, A. 

Alden, John W., Maryland-Delaware | Backmeyer, Da 

Aldrich, Ellwood, H., New York 

Aldrich, Lloyd, California 

Aldridge, Frederick F., Federal Baer, 

Alexander, Allen Y., Jr., North Car- 
olina 

Alexander, Louis J., California 

Alikonis, J. J., Central States 

Alk, Lewis C., Central States 

Allen, Edw. H., Florida 

Allen, F. W. England (1.S.P.) 

Allen, James H., Perinsylvania 

Allen, J. S., Texas 

Allen, T. E., California 

Allen, William A., California 

Allin, Claud R., California 

Allison, S. L., Tex xas 

Aluminum Co. of America, Associate, 
Att’n: C. E. Magill 

American Brass Co., Associate 

American Cast Iron Pipe Co., 


Baetz, C. O., Ce 


Bailey, 
Bailey, J. W. 
Bailey, O. L., R 


Baillie, E. P., C 


Baird, _ ( 

Baird, Farle 

Baity, H. N 
| Baker, G. i 


Baker, eK! 
_ | Baldwin, C. W. 
Associ- | Bale, “ed yE 


Ames, City of, lowa 
Ampco Metal, Inc., Associate, Att’n: 
SE Spear ages 


Bantz, Burwell, 


Barclay, W. 


Anderson, David W., Rocky Moun- | Barklage, O. F 
tain Barnard, 
Anderson, Fred A., Pacific Northwest | Barnes, Floyd, (€ 
Anderson, Geo. H., Central States Barnes, Geo. 
Anderson, Lewis D., Federal 
Anderson, Norval E., Central States 
Anderson, R. A., Michigan 
Anderson, R. V., Canada 
Anderson, Ralph W., Iowa 
Anderson, Raymond E., 
States 
Anderson, Sam, Central States 
Anderson, Virgil, Michigan 
Andrews, John, os 
Andrews, L., = —— < 
Andrews, R. 


Barnes, L. B., 
| Barnett, G. R., 


| Barnett, M. I 
Barney, J. W., 
Barnhill, K. G., 
Barraclough, D. 
Barrett, Cecil Se 


Central 


5 Barrick, M. J., I 
Barringer, Pe 


Angas, Dawe uM. “Florid: a Barron, James i. 
Angell, J. M., Jr., ‘New York 

Angle, J. D., Georgia Barstow, D.. 
Antl, John C., Central States sae et ting 
Appel, A. A., California England 













Arnold, G. E. 


Bacon, Vinton W., 
Badger, Irvin S., 
Arlie, Central States 


Bahr, Raymond F., 
. Kenneth, North Car« 
, Ohio 


Bainbridge, David W. 
Baird, ee O., Jr. New England 
‘anada 


Baker, Hugh ee 
L., Pacific Northwest 


Anaya, mene. « california | Bargman, R. D., ¢ 
Andersen, ( - Somme, New York | Barker, J. Conr 
Anderson, C. S., Canada Barker, S. T., N 


Barnes, James W., 
Ohio 


| Barnett, Harold, 
, Florida 
Pacific Northwest 


K., Maryland-Dela- 


C., Central States } Armstrong, C. G. R., Canada 
». L., Montana 


H., Dakota 


, California 


Federal 


Hamilton, England 
Ashdown, re i 
Aslamidis, A., E 
.F 
» New York 


ngland (1.S.E.) 
ederal 


itrol Co., 


Att’n: J. S. Williams 
James, C 


anada 


, New England 


Pennsylvania 


Central States 


| Babcock, Irving, New York 


nk, New York 
B., Ohio 


CONSOLIDATED LIST OF MEMBERS 


(Dual- 
(Dual- 
E. H., England (1.S.P.) 
Philip, New York 

England (1.S.P.) 


I.S.E.) 
Central States 


Associate, 


vid, Central States 


California 
New York 


*ntral States 


ocky Mountain 


| Bailey, S. C., Pennsylvania 


entral States 


Florida 

orth Carolina 

anada 
veorgia 


Ne w England 
, Pennsylvania 


New — 


lina 


Pennsylvania 


ate, Att’n: E. L. Gilder Balfour, D. & Sons, England (1.S.P.) 
American City Magazine, Associate, | Ball, Oliver V.. —— 

Att’n: Edgar J. Buttenheim | Balmer, Robt. Jr., New England 
American Concrete Pipe Assn., Associ- | Balsom, E. V. 3 ngiand (LS.E.) 

ate, Att’n: Mr. Howard F. Peck- | Bamford, J. H., Pacific Northwest 

worth Bandy, W. A., Texas 
American Enka Corp., North Carolina | Banister, A. W., Central States 
American Well W orks, Associate, | Banks, Harvey O., California 

Att’n: J. D. Walker | Banta, A. P., California 


Pacific Northwest 


‘alifornia 


ad, Jr., Pennsylvania 


ew York 


., lowa 
Archer F., 


California 
Yhio 


E., Ohio 


New York 


Central States 
New York 


New York 


Barbour, Frank A., New England 
G., England (1.S.E.) 


H., England (1.S.P.) 


Pe -nnsylvania 


Barrett, J. S., ¢ “alifornia 


-ennsylvania 
Missouri 
New York 


Yhio 
eck Wm., 


Arbogast, Joseph, Central States Bartlett, Dan T., Texas 
Archer, E. T., Missouri Barton, Ben H., Ohio 
Argo, John W., Canada Barton, C. W. Ne w York 
Armco Drainage Products Assn., | Barton, Jas. M., New York 
Associate, Att’n: W. H. Spindler |! Bartow, Edward, Iowa 
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Barry, W. Vincent, New England 


New 


| Bartow, Leslie W., Pacific Northwest 
Bartsch, A. F., Central States 
Bartz, ae A., Central States 
Bash, Gail, California 
Bassett, Francis M., California 
Bates, R. D., New York 
Battey, Everett M., New England 
Battles, L. C., Montana 
Bauer, Carl, Ohio 
Bauer, Henry W., New England 
Baulsir, Chas. P., New York 
Baum, H. J., Pennsylvania 
Bavone, A. L., Dakota 
Baxter, R. R., Central States 
| Bayard, G. A., Canada 
Baylis, John R., Central States 
Beamesderfer, Jas. A., Pennsy 
Bean, Elwood L., Pennsylvania 
Beard, Arthur H., Jr., Central States 
Beaton, R. H., California 
Beatty, E. J., ( oe States 
Beaudoin, Robert » Central States 
Beaumont, H. P ennsy lvania 
Beaven, B. E., od Delawar 
Beck, A. J., Central States 
Becker, C. H., Central States 
Becker, Fred G., California 
Becker, John, New York 
Becker, Philip G., Jr., Texas 
Beckett, Richard C., Pennsylvania 
Beckman, LeRoy J., Central States 
Bedell, A. S., (Honorary) New York 
Bedker, Oscar, Central States 
Behnke, Geo. C., Ohio 
Bejcek, Otto J., Arizona 
Belaskas, A. J., Central States 
Bell, E. Arthur, New Jersey 
Bell, Fred A., Canada 
Bell, John S., Texas 
Belt, Elmer B., California 
Beltz, Harold o Michigan 
Bender, ela O., Central State 
Benner, Hugh A., Michigan _ 
Bennett, Christopher F., New York 
Bennett, H. R., California 
Bennett, Leon, Oklahoma 
Bennett, Ric ae Arizona 
Bennett, te G., California 
Bennett, W. W. , England (1.8.P 
| Benson, Sidney T., New York 
Berg, E. J. M., Texas 
Bergen, C. B., New Jersey 
Bergman, O. O., Central States 
| Berkeley, Winston H., Pacific North- 
| west 
Bernard, G. 
Bernauer, Geo. F., Central States 
Bernhardt, Carl J., New York 
Berntsen, Bertel, Central States 
Berry, A. E., Canada 
Berry, Geo. A., Central States 
Berry, Robert D:. Pennsylvania 
Bers, G. D., Central States 
Berton, C. J., New York 
Besozzi, Leo, Central States 
Besselievre, Edmund C., New York 
(Dual-California) 
Best, Robert B., New York 
Beswick, G., England (1.S.P.) 
Bethel, John S., New England 
Beukema, Robert, Michigan 
Bevacqua, Joseph, New York 
Bevan, John G., we York | 
Beveridge, Ben H., California 
Bevington, Warren C., Central Stati 
Bezy, C. Maurice, Florida 
Bhoota, B. V., New York 
Biele, F. J., New York 
Biggs, Merrill, Arizona 
Billings, C. # , Jr. Texas 
Billings, L. Texas 
Binger, W + D., New York 
Bingley, W. M.., Maryland Delaware 
Bird, T. A., Can: ida 
Birdsall, L. I., Central States 
Birkeness, a oe , Central States 
Bishop, H. N., California 
Bjelajac, Vaso, Central States 
Black, D. T., Canada 


K., Canada 
























x 
ze 


Jimi s 
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Black, Hayse H., Central States 


we k & Veatch (Cc orporate) Central 
ates 

Blan chard, H. C., Ohio 

lew, Mic eo 44 Federal 
Blewett, W. G., Canada 
Blizard, W. England (I.S.E. 
Blocher, Wohn M., Ohio 
Bloem, Herman, Ohio 
Blood, Lloyd, New pe: 
Bloodgood, Donald E., Central States 
Bloom, Enos E., Central States 
Boardman, John, Pennsylvania 
Boardman, Wm. Hunter, Jr., Pennsyl- 








mm. ard is, Theodore S., Pennsylvania 
Bogema, Marvin, Central States 
Ree ay 

Bogost, Meyer S., Central States 


| 
| 
| 
| 
| 
New York | 
1 


Bogren, George GC. New England 
Bolenius, Robt. M., Pennsylvania 
Boles, John, Central States 


Bole — L., Central States | 
Bolin, R. R., Jr., California 

Bolton y, me Re ae {1.S.P.) 

Bond, E ugene L., New England 


ean d, Philip E. New England 

Bond, R. G., Towa 

ongi iovanni, Jose P., 

Bo — Dominic, 

h, B. Dakota 

fer P., New Jersey 

“a } ‘\., Central States 

er, W = R., Montana 

Be mataed, . B., Canada 

Borland, vi ictor J., California 

3orquist, E. S., Arizona 

3oriss, Marion E., New York 
Herbert M., Central States 

ith, Jack, Canada 

Bothwel 1, John L., 

tel Wilson F. 

Bowen, M. R., 

Bowe Stanley, 

Bowe Le 

Bowler, 
land 

Bowlus, o, = ; 

Bo leg cs 

Box, G. E. p 

Boyce, Earnes st, 

“nt Ralph E., New York 

Boyd, Geo. E., New York 

Boyd, J. W., Michigan 

Boyle, J. R. Lester, California 

Bradlee, Warren R., New England 

Bradley, L. R., Michigan 

Bradner, Basil E., New York 

Bradney, Leland, Central States 

Bragg, J. M., Georgia 


Florida 
Pennsylvania 











California 
Pacific Northwest 
California 
Michigan 
Michigan 
ram nd W esley, New 





Eng 


California 

, Dakota 

= ngland (1.S.P.) 
Michigan 





Bragg, Robert E., Central States 

Bragstad R. E Dakota (Dual 
Central States) 

sraidech, Mathew M., Ohio 


“4 ikenridge, Charles, Canada 
er, Paul S.,.New York 
Brandenburg Kenneth B, 





New York 


Brandis, Montana | 
Brassey-E . ards, S S., England (I.S.E.) | 
Brennan, Ralph F., ‘Florida | 

| 


Brensley, A. A., Central States 
Brereton, W. P., ¢ 
Brethour, Herman, Kansas 
Brewer, I. E., Pacific Northwest 
Brickenden, F. M., Canada 


‘anada 


Brigham, John C., New York 

Briggs, Raymond J., Pacific North 
west 

Brigham, John C., Jr., New York 

Britt, C. E. - Ohio, 

Britton, Benj. A., Jr., New England 

Brody, James, pee il States 

Brook, Harry L., Central States 

Brooks, John H., Jr., New England 


| Bugbee, 


| Bunker, F. 


| Burt, G. L. 


| Bushee, 
| Butler, Leo M., 
| Butrico, Frank, ‘ee York 
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Brown, W.  Fillingham, England 
(1.S.E. 

Brown, Wade Gillies, North Carolina 

Brown, Walter H., Jr.,. New England 

Browne, F. G., Canada 

Browne, Floyd G., Ohio 

Brownridge, F. B., Canada 

Brug, C. J., California 

Brumbaugh, W. V., New York (Dual- 
Pennsylvania) 

Brunn, Philip A., Jr., Pennsylvania 

Brunner, Paul L., Central States 

Brunstein, Maurice, New Jersey 

Brunty, C. E., California 

Bryan, A. C., Texas 

Bryan, John (om .. New Jersey 


| Bryant, C. T., Ohio 
Bryant, W. G., yeorgia 
Buchecker, A. I., Pacific Northwest 


Buck, Geo. H., New York 
Buck, Robinson D., New England 
Buck, Ross J., Central States 
Buckley, E. J., Canada 
Buckley, Thomas, Pennsylvania 
Buckman, Millard E., California 
Budd, Edward G. Mfg. Co., (Corpor 
ate), Pennsylvania 
Bugbee, Julius W., 
England 
Raymond C., New 
Builders— Nae Aga ret Inc., 
Att’n: G. Riche irdson 
Bulthuis, Ce any Michigan 
North Carolina 
Burack, W. D., New Jersey 
Burden, Harry P., New England 
Burden, J. P., Texas 
Burden, Robert P., New England 
Burdick, Geo. E., New York 
Burdoin, Allen J., New England 
Burger, A. A., Ohio 
Burger, Arnold W., Central States 
Burgeson, J. H., Central States 
Burgess, Harold, New York 
Burke, C. E., England (1.S.P.) 
Burley, Fred H., Michigan 
Burn, G. A. H., Canada 
Burnett, A. H., Canada 
Burnett, J. E., Michigan 
Burnson, Blair I., California 
Burr, R. S., New England 
Burrell, Robert, New England 
Burrin, Thos. J., Central States 
Central States 
., Central States 
California 


(Honorary) New 


England 
Associate, 








Burton, L. 
Bush, A. F., 
Bush, Archie E., New York 

Bush, Bernard Se Pennsylvania 
Bush, M. M., Canada 

Ralph + Central States 
Florida 


Butterfield, C. T., Federal 
Bye, Norval E. Canada 
| Byxbee, 5. F California 


, New York 
New York 
New York 


Cadwell, Ivan W. 
cahill, W m. 3a 3. 
aird, James M., 
alder, Charles L., California 
alderara, O. J., F ‘ederal 
aldwell, David H., California 
aldwell, H. L., Central States 
allen, Loy A., Central States 
allon, Harry A., Central States 
alvert, A., England (1.S.P.) 
Calvert, C. K., Central States 


Cambridge Instrument Co., Associ- 
ate, Att'’n: F. G. Paully 

Cameron, A. B., Michigan 

Cameron, Geo., New Jersey 

Cameron, W. M., England (I.S.P.) 


Camp, Cecil S., North Carolina 
Camp, Thomas R., New England 


Brower, J. Singleton, New York | Campbell, A. S., Dakota 

Brower, James, Central States | Campbell, iE L., England (1.S.P.) 
Brown, Beverley J., Canada | Campbell, John, Pennsylvania 
Brown, Cleo, Missouri Campbell, M. S., —— Northwest 
Brown, Edward S., Jr., New England | Campbell, M. S. A., Central States 
Brown, Everett Currier, Florida | Capano, Sam J., New Jersey 

3rown, Floyd W., California | Capen, Charles H., Jr., New Jersey 
Brown, Glenn V., Pennsylvania Capone, Domenic, Federal 

Brown, James M., Jr., New York Capraro, Paul E., Central States 
Brown, Kenneth W., California Capwell, Walter, New England 


Brown, R. F., California 
Brown, Stuart, Georgia 


Cardwell, 


Caracausa, Albert C., New England 
Edw. C., Central States 


} Church, 


| Chutter, W. H., 
| City 
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| Chamberlain, Wm. * 
| Chamberlin, 


| Chicago Pump Co. 
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405 


Carey, Wm. N. Central States 

Carl, Charles E., Missouri 

Carlson, A. J., Canada 

Carlson, H. R., Federal 

Carlson, Paul R., Central States 

Carmichael, David W., New Jersey 

Carnahan, C. T., Federal 

Carolina Aluminum Co., 
Carolina 

“arollo, John A., 

arothers, oe H., 

arpenter, Carl B., 

arpenter, Geo. D., 

arpenter, Harry C., New York 

arpenter, Howard F., New England 

arpenter, J. D., Pennsylvania 

arpenter, Wm. T., New York 

arrique, Carlos S., Argentina 

arroll, Geo. B., New York 

arson, R. G., Central States 

arter, Alton B., California 

arter, Bruce F., New York 

arter, Earl, Central States 

arter, N. C., Pennsylvania 

“arter, Ré ulph B;; Go. 
Att’n: J. W. Van Atta 

ary, F. Arthur, New York 

‘ary, Glen, Rocky Mountain 

‘ary, W. H., Jr., Federal 

asad, C. C., Pacific Northwest 

ase, Raymond G., New Jersey 

asey, Albert E., New England 

asey, John J., California 

ash, Kenneth, Texas 

astello, W. O., California 

aster, Arthur, Central States (Dual- 


Ohio) 

Cater, Thomas J., Jr., Georgia 

Caulwell, Wilson B., Pennsylvania 

Caverly, D.S., C anada 

Cederberg, C. R., Rocky Mountain 

Cenicola, Samuel, New Jersey 

Cerny, Paul J., New York (Dual-New 
England) 

Chain Belt Co., 
B. Marshall 

Chamberlain, 


North 


Arizona 

Florida 
Central States 
New York 


Associate. 





Associate, Att’n: W. 
L. H., New York 
r., New York 
Noel S., New Jersey 
Chambers, Grover, Pacific Northwest 
Chamier, Albert, Michigan 
Champlin, George D., California 
Chapman Valve Mfg. Co., Associate 
Charlton, David B., Pacific Northwest 
C hase, E. Sherman, New England 
(Dual-New York and Pennsylvania) 
Cc hasick, Abraham H., New York 
Chenevert, J. G., Canada 
Chesney, CT C anada 
Chester, Burke, Florida 
Associate, Att’n: 
Milton Spiegel 
Chisholm, D. M., Canada 
Chisholm, Henry, New England 
Christian, J. A., England (1.S.P.) 
Christian, James B., New York 
Christianson, A. C., Michigan 
Chrysler, K. L., Montana 
Chubb, Robert S., Pennsylvania 
Chumard, Geary W. New York 
Dean F., Central States 
Church, H. J., Canada 
California 
Water Dept. (Norman Okla.) 
Att'’n: Ralph DeVore, ag ere 
City Water Dept. (Statesville, N. C. 
North Carolina 
Claffey, Walter H., New England 
Clare, FC, Pacific Northwest 
c = Arthur T., Central States, New 


Yo 
Cc sire shod H., 
Clark, H. W., E ‘ngland (I.S.E.) 
Clark, "3 C., California 
Clark, John, Canada 
Clark, Kenneth M., Central States 
Clark, Lloyd K., Dakota 
Clark, M. S., Michigan 
Clark, Robert N., New York 
Clarke, Samuel M., Central States 
Clarke, V. B., New England 
Clarkson, G. H., Canada 
Classen, Ashley G., Texas 
Clawson, Ear! M., Florida 
Clay, H., England (I.S.P.) 


New York 
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Assoc., 


Products 
Att’n: J. D. Cook 

Clear Lake, City of, Iowa 

Cleary, Edw. J., New Jersey 

Cleland, R. R., Pennsylv ania 


Clay 


Central States 

a ngland (1.S.P.) 
Canada 

Associate, Att’: 


Clem, Curtis B., 
Clements, G. S 
Cleveland, E. A:, 
Cc 4 Engr. Co., 
D. West 
Clifford, W., England (1.S.P.) 
Clinton, Merritt O., Central States 
Clore, L. B., Central States 
Clouser, L. H., Pennsylvania 
Cloyes, W. J., Pacific Northwest 
Clubb, William C. 
Cobb, Edwin B., New E ngland 
Coberly, Carroll i, 
Cobleigh, W. H., California 
Cobleigh, W. M., Montana 
Coburn, S.'E., New England 
Cochrane, Jolin C. New York 
Cochrane, W. Dakota 
Cockroft, T. N. ‘'E ngland (I.S.P. 
Coffey, Michz 1el J., New York 
Coffin, Edwin F. , Jr. , Federal 
Coffin, George W. , New England 
Cohn, Morris M., New York (Dual 
New England) 
Colby, William D., Canada 
Cole, Arthur F. W., Canada 
Cole, Chas. W., Central States 
Cole, E. Shaw, New York 
Cole, Harvey M., Jr., California 
Coleman, Dwight B., New York 
Collar, Ira T., Jr., Kansas 
Collard, A. E england (I.S.E.) 
Collier, J. D., Canada 
Collier, James, Ohio 
Collings, Wm. E., New Jersey 
Collings, A. J., England (1.S.E.) 
Collins, A. Preston, California 
Collins, E. B., Texas 
Collins, John T., New York 
Collins, Rex, Oklahoma 
Collins, W. H., Canada 
Collison, Okla C., Missouri 
Collyer, Joseph C., New York 
Colquhoun, Colin, "New York 
Colsen, Justin, Dakota 
Compton, C. R., California 
Conant, F. M., Canada 
Condrey, Lawrence M., 
States 
Connell, C., Texas 
Connell, Maurice H., Florida 
Connors, Joseph J., California 
Consoer, Arthur W., Central States 
Cook, John O., Arizona 
Cook, Lawrence H., California 
Cook, Max E., California 
Cook, S. J., Canada 
Cooley, E Cc; California 
Coombs, E. P., England (I.S.E. 
Coope, Albert, Ohio 
Cooper, G. F., England (1.S.P.) 
Copeland, Kern H., California 
Copeland, Wm. R., New England 
(Dual-New York) 
Coplen, Warren W., 
Copley, Chas. H., New E ngland 
Corbett, Walter E. New England 
Corcoran, J. D., Canada 
Corddry, W. H., Pennsylvania 
Corey, R. H., Pacific Northwest 
Cornell, R. M., Central States 
Cornilson, C. K., Central States 
Corpstein,; Oswald, Central States 
Corrington, C. E., Central States 
Corson, B. I., New Jersey 
Cortelyou, H. P., California 
Cortese, J. R., Montana 
Corwin & Company, Inc., (Corpo 
rate), Montana 
Cory, J. C., Montana 
Cosens, Kenneth W., Michigan 
Cosner, Lafay vag Pe nnsylvania 
Costello, John J., New York 
Cotner, F. B., Montana 
Cotta, Maurice L. , Pacific Northwest 
(Dual-Federal) 
Cotterell, G. T., England (1.S.E.) 
Cotton, Edwin R., New York 
Cottrell, H.S., New York 
Couch, L. I., Central States 
Coulson, C. L., Canada 





Central 





Rocky Mountain 





Associate, 


Pacific Northwest | 


Rocky Mountain 
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| Cousineau, A., Canada 
| Covert, Henry Rew, Central States 
| Covill, R. W., England (1.S.P.) 
Cowles, M. W., New Jersey 


R., New York 
ox, 46 lifford, B., Central States 

— Burgis, Rocky Mountain 

1: Coyne, James J., Missouri 
Craemer, George H., New England 
Craig, Clifford, Central States 
Craig, J. D., Georgia 
Cramerton Mills, Inc., 





Cranch, Eugene T., New York 
| Crane Company, Associate, Att’r 
G. W. Hauck 


Crane, H. R., California 
Crane, Harlan B., New York 
Craun, J. M., Ohio 


| Crawford, D. E., Canada 

| Crawford, H. V., New York 
Crawford, i. i "Towa 
Crawford, S. S., Texas 


| Crawford, Sinclair S., Jr., Texas 
Creears, T. H., California 

| Crocker, B. A., Texas 

Crocker, Harold S., New England 

| Crockett, Vernon P., Federal 

| Croft, H. P., New Jersey 
Crohen, W. r., Ohio 

Crohurst, Harry T., Federal 

*rooks, Howard, Michigan 

ropsey, W. H., Central States 

ross, Russell, Central States 

row, Harry B., Pacific Northwest 

rundall, S. F. W., England (1.S.P. 

ulley, Walter M., New York 

ulli, George O., Jr., Texas 

ullison, Eugene F., New York 

} Cunetta, Jos., New York 

| Cunningham, John J., Arizona 
Cunningham, John W., Pacific North 

west 

Cunningham, M. 
Currie, Frank S. 
Curtis, Clive W., Central States 

| Cushing, Robert, Arizona 

| Cutting, O. ee , Pacific Northwest 

| Cyr, Rene, “anada 


D’Aleo, A. R., New York 
Dagg, Ralph G., Iowa 
Dagger, G. E., Rocky Mountain 
Dahl, Arve H., Federal 
Daireaux, C arlos F., Argentina 
Daley, Charles W. 
Daley, Stanley J., ‘Central States 
Daly, James A., Canada 
| Damerow, Harry W., Florida 
Damon, Nelson A., New England 
| Damon, Wayne F., New England 
Damoose, N. G., Michigan 
| Daniels, E. “ Kz ansas 
| Danie ls, ; Pennsylvania 
| Daniels, He bade Central States 
| Daniels, P. N., New Jersey 
Darby, ¢ Sees M., New England 
wa ny W. A., Penns sylvania (Dual- 
| New York) 
Darling, E. H., Canada 
| Dashiell, Walter N., Federal 
| Davenport, Lle ~wellyn D., California 
Davey, H. W., California 
| David, Frank J., Ohio 
| Davids, E. M., California 
Davidson, George, Georgia 
| Davidson, J. F., California 
Davis, Charles A Rocky Mountain 
Davis, D. A., Central States 
Davis, Earle 'E., California 
Davis, Edward <. 8 ay sob g 
| Davis, Frederick, Central States 
| Davis, CD | os Pi citie Northwest 


LANDAAADIASASA 


, Oklahoma 
73 alifornia 





Davis, H. yy Central States 
| Davis, H. F., North Carolina 
| Davis, P. Bb” North Carolina 

| Davis, T. J., Georgia 


| Davison, Russell, Central States 

Dawson, 5 a New York 

| Dawson, F. M., Iowa 
Dawson, te an, Central States 
Dawson, Thomas T., Pennsylvania 
Day, L. A., Central States 
Dayton, Alfred E., New York 

| Deane, Elmer L., New England 

! Dearmin, Paul E., Texas 


(Dual- 


North Carolina 


1: 


Pacific Northwest | 


| 








March, 


1946 


DeBerard, W. W., Central States 
DeBrito, F. Saturnino, Jr., New York 
Debrun, John W., Jr., Central States 
Decher, Edward p:. New Jersey 
| Decker, C. D., Ohio 
Decker, Herbert M., Federal 
| Decker, Walter G., Central Stat« 
| Deckert, Christ, Central States 
| deGoic oechea, Leandro, Florida 
| DeGroat, Frank N., New York 
DeHaai, Ira, Dakota 
DeHaas, Nicholas, New England 
DeHooghe, Bernard A., Michiga 
Deitch, Meyer, New York 
deJarnette, N. M., Georgia 
Delaporte, A. W., Canada 
DeLeuw, C. E., Central States 
Dellasala, John J., New York 
DeMartini, F rank E., Cali ia 
(Dual-Federal) 
Deming, P. H., California 
Demorest, S. L., Michigan 
DeMoss, Samuel, Pacific Nort 
DeMunn, E. M., New York 
Denise, Wm. D., New York 
Dennelly, Philip G., New York 
Dennis, Carl E., Michigan 
Dent, Harry, New York 
DePoy, A. G., Central States 
Depp, David, Central States 
Derby, Ray L., California 
Dermitt, Chas. W., Pennsylvan 
Deslauriers, A. J., Canada 
Desmarais, R. J. Canada 
Des Moines, City of, Iowa 
Deuchler, Walter E., Central Sta 
DeVal, Eric, Rocky "Mountain 
Devendorf, Earl, New York 
DeWante, Randolph H., Californi 
Dewart, Donald M., New York 
deZevallos, B. Fernando Ortiz, |! 
ida 
Dick, Robert, Jr., Central “9 ite 
Dickey Clay Mig. Co., W. \ 
ate, Att’n: A. Fre thing 
Dickson, D. B. Poaee 
Diefendorf, Fre id G., Pennsylvani 
Diehl, F. D., Kansas 
Dietz, J. C., Central States 
Dilorio, Anthony F., New Jersey 
Diller, Walter W., Central States 
Dimmitt, Bruce S., Central Stat« 
Dion, Clarence K., New England 
Disario, ¢ _M., New England 
Dixon, F. Dz ikota 
Dixon, G. Gale, New York 
Dixon, R. M., Texas 
Doane, Carroll C., California 
Dobson, Wm. T., New York 
Dobstaff, Robert, Jr., New York 
Dobstaff, Robert W., Sr., New \ 
Dodd, C. K. S., Florida 
Dodge, H. P., Michigan 
Doman, Joseph, New England (1D) 
New York) 
Domke, L. C., Central States 
Domogalla, Bernhard, Central Stat: 
Donaldson, Wellington, New York 
Donnell, Geo. M., Rocky Mountai 
Donnelly, R. M., New England 
Dopmeyer, A. Federal (Du 
California) 
Dore, Stanley M., New England 
Dorr Co., Inc., Associ iate 
Dorr, Fred, Michigan 
Douglas, George F., Pacific Northiw« 
Douglass, R. M., Pennsylv: ania 
Dow Chemical Co., Associate, Att’ 
W.A. Melching | 
Dowd, Ira, Michigan 
Downer, Wm. J., Central States 
Downes, John R., New Jersey 
Downing, Francis J., New York 
Doyle, Thomas J., Michigan 
Doyle, Wm. H., Central States 
Drake, James A., Central States 
Dreier, D. E., C entral States 
Drew, Samuel T., New England 
Drexel, F rederick, New York 
Driscoll, Timothy J., New York 
Drummond, A. Le England (I.S.P 
Drummond, C. E., ‘Georgia 
Dudley, D. E. c oneal States 
Dudley, Richard E., New England 
Duell, Garth H., California 
Dufficy, Frank J., New York 
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Duffy, Ora, Kansas 

Dufresne, Paul Ed., Canada 

Duncan, J. G., Canada 

Duncan Roland, California 

Dundas, 7 4 - Central States 

Dunmire, , Central States 

Dunseth, KR. tous States 

Dunstan, Gilbert H., California 

Durand, Edwin M., Michigan 

Durham Ww ater Dept., (North Caro- 
lina), North Carolina 

Durr, John oe te Pennsylvania 

Durrant, W. K. F., Canada 

Dust, Joseph vr. , Central States 

Duvall, Arndt T.. Central States 

Dyckman, Warren W., New York 

Dyer, Samuel, New England 

Dyrenforth, a Rocky oe 

Dyson, R. J. , Engle and (I.S.P.) 





Eager, Vernon, New York 
Eagleson, John W., Psi York 
California 





Early, Fred LP 

Early, Mart, Pacific Te) 
Easdale, W. C., England (I.S.E. 
Easley, G. E., California 
Eastburn, W. H., Pennsylvania 
Easter, Charles W., New England 
Easter, Leonard C., New England 
Easterday, Conrad G., Florida 
Ebneter, Walter, Central States 
Eby, Earl, Montana 

Eckbert, Chester A., Pennsylvania 


Eckelcamp, Joseph, ‘Michigan 
Ecusta Paper Corp., North Carolina 
Eddy, Harrison P., jr., New England 







ne G. H., Canada 
Edgeriey, Edward, Pennsylvania 
Edig rg Albert, New York 


onds, W. R., Canada 
a ondson, J. R., England (1.S.P.) 
Edwards, G. H., Pacific Northwest 
Edwards, Gail P., New York 
— rds, Harlan H., Pacific North- 
E Pe ards, ie am L., New York 
Egan, J. H., California 
Egger, Oscar O., Central States 
Eglof, Warren K. New York 
I Virgil, New "York 








Ehle 

Eich, Henry F., New York 

Eidsness, Fred AG, Florida 

Eiffert, William T., Pacific Northwest 

Eimco C orporation, Associate, Att’n: 
Paul O. Richter 

Einsele, Robert, Central States 

Elder, Leiton J., California 

Electro a Co., Associate, 
Att’n: E. H. Ingle 

E iIdridge, E. i Michigan 

is, Geo. A., Pennsy Ivania 

assen, Rolf, New York 

Elkland Leather Co., Inc., (Corpo- 
rate), Pennsylvania 

Ell, Henry T., New Jersey 

Ellerbusch, R. P., Michigan 

Ellms, J. W., Ohio 

Elmendorf, C. E., New York 

Elsdon, G. D., England (I.S.P.) 

Ely, E. H., England (1.S.E.) 

Emerson, C. A., (Honorary) Pennsyl- 
vania 

Emigh, Wm. C., Pennsylvania 

Engineering News-Record, Associate 

English, Joseph, Jr., Pennsylvania 

English, Leslie B., Canada 

Enloe, V. P., Georgia 

Enoch Pratt Free Library, Maryland- 
Delaware 

Enslow, L. H., New York 

Epler, J. E., Central States 

Erickson, Carl V., Central States 

Erickson, Frederick K., Federal 

Erickson, John E., Iowa 

Erickson, W. J., New Vork 

Erwin, R. Blake, Canada 

Escritt, L. B., England (1.S.P.) 

Espinosa- Parga, Roberto, Florida 

Estrada, Alfred A., Pennsylvania 

Ettinger, M. B., Federal 

Eustance, Arthur W., New York 

Eustance, Harry W., New York 

Evans, Byron, B., New York 

Evans, F. M., New Jersey 

Evans, James, Pennsylvania 

Evans, R. W., Central States 


















Evans, S. C., England (I.S.P.) 

Everest, Howard, New York 

Everson Manufacturing Co., Associ- 
ate, Att’n: R. B. Everson 

Everson, R. B., Central States 

Eyer, C. E., Montana 


Faber, Harry A., New York (Dual- 
Pennsylvania) 

Faehrman, Elmer H., Central States 

Faget, Walter H., Central States 

Fair, Gordon M., New England (Dual- 
New York) 

Fairbanks, Morse & Co., 
Att’n: Charles J. Prestler 

Fales, Almon L., New England 

Falk, Lloyd L., New Jersey 

Fallon, Raymond D., Rocky Moun- 


tain 
Falls, O. M., Canada 
Fanning, Henry L., Georgia 
Farnsworth, George L., Jr., Central 
States 
Farrant, James, New Jersey 
Farrell, Wm. F., New York 
Fassnacht, Geo. G., Central States 
Faulkner, T. G., Esq., England 
(E:S.E.) 
Favreau, R. E., Central States 
Fawls, James F., New York 
Feierstein, Jacob L., New York 
Feild, James W., Maryland-Delaware 
Feldhake, ee Federal 
Feltz, Fred C., Central States 
Fenchel, Randolph, California 
Fenger, J. W., New York 
Fenn, Ernest G., New England 
Fenton, John V., New York 
Ferguson, G. H., Canada 
Ferguson, Gerald W., Federal 
Ferguson, Marshal! bs New York 
Ferebee, James L., Central States 
Ferris, James E., New England (Dual- 
New York) 
Field, Emerson & Morgan, Inc., New 


Associate, 


Yor 
Figeley, Paul, Central States 
Filby, E. L., Missouri 
Finch, J., England (I.S.P.) 
Finck, G. E., Maryland-Delaware 
Findlay, Arthur, New York 
Finkbeiner, Carlton S., Ohio 
Finley, Dexter L., California 
Finley, T. R., Florida 
Fischer, Anthony J., New York 
Fischer, F. P., Ohio 
Fischer, Math., Central States 
Fish, Ray mond S., California 
Fishbeck, Kenneth, Michigan 
Fisher, Lawernce M., Federal 
Fitch, T. A., California 
Fittro, Louis L., Federal 
Fitzgerald, Edw. P., Central States 
Fitzgerald, J. A., New York 
Fitzgerald, Joseph, New England 
Five, Helge, New York 
Fiveash, Charles E., Florida 
Flanagan, Pat, Florida 
Flannery, Harold J., California 
Flatt, Truman L., Central States 
Fleet, Gerald A., New York 
Fleming, M. C., Pennsylvania 
Fleming, Paul V., New England 
Flexible Sewer- Rod E quipment Co., 

Associate, Att’n: Peter L. Ciacco 
Flood, Frank L., New England 
Flood, T. S., Pacific Northwest 
Flook, S. E., Canada 
Flower, G. 3. ., Ohio 
Flowers, E., England (1.S.P.) 
Foley, John M., New York 
Fontenelli, Louis, New Jersey 
Foote, H. B., Montana 
Foote, Kenneth E., New England 
Ford, J. R., Central States 
Fore, Clifford, Central States 
Foreman, Merle S., California 
Forest City, City of (Iowa), Iowa 
Forrest, Glen L., New York 
Forrest, Thos. H., Central States 
Fort Dodge, City of ae Iowa 
Fort, Edwin J., New Y 
Fortenbaugh, j. el dg New York 
Fortman, John A., Central States 
Forton, R. Gerald, Michigan 
Foster, Chas., Central States 
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Foster, Herbert B., Jr., California 
Foster, Norman, Pennsylvania 
Foster, Robert FE. Rocky Mountain 
Foster, William Floyd, California 
Foth, Herbert S., Central States 
Fowler, G. J., England (1.S:P.) 
Fowler, H. D., Pacific Northwest 
Fowler, James D., Texas 
Foxboro Company, Associate 
Francis, Geo. W., Michigan 
Franks, John T., Rocky Mountain 
Fraschina, Keeno, California 
Fraser, Charles E., Canada 
Frasher, Randall L., New York 
Fraters, E. W., California 
Frazier, E rnest, Central States 
Frazier, Leonard H., New York 
Frazier, R. W., Central States 
Frazier, W. H., Central States 
Frederich, Hoyt A., Central States 
Frederickson, A., Arizona 
Freeborn, W. F., England (I.S.P.) 
Freeburn, H. M., Pennsylvania 
Freeland, B. H., Central States 
Freeman, A. B , Federal 
Freeman, A. - England (I.S.P.) 
Freeman, , Central States 
Freeman, ay Rocky Mountain 
Freer, Paul H., California 
French, A. H., Maryland-Delaware 
French, R. Del., Canada 
Fretcher, Karl W., Central States 
Freund, J. P., Pennsylvania 
Frick, A. L., Jr., California 
Frickstad, Walter N., California 
Friedmz me Wm. M., Jr., New York 
Friel, F. Pennsylv ania 
Friendly, “shaas H., New York 
Frith, ws €. Georgia 
Froehde, F. C., California 
Fuchs, Abr ee vb Federal 
Fugate, G. L., Te 
Fuhrman, Ralph i " Fedeead 
Fuller, H. L., Missouri 
Fuller, N. M., New York 
Fuller, Raymond H., Ohio 
Fullerton Public Library (California), 
California 
Fulmer, Frank E., Central States 
Fulmer, John O., Jr., Pennsylvania 
Funk, John B., Maryland-Delaware 
Funk, John T., Jr., Pennsylvania 
Fynn, Geo. F., New York 
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Gade, A. H., New York 

Gadomski, Albert J., New Jersey 

Gail, A. L., Central States 

Gale Oil Separator Co., Associate, 
Att'n: Wm. A. Gehle 

Galimbert, G. M., Canada 

Galloway, Robert N., California 

Gard, Chas. M., New York 

Gardner, Clarke, Maryland-Delaware 

Gardner, Geo. W., New York 

Gardner, R. T., California 

Garland, C. F., Florida 

Garlock, Samuel C., New York 

Garner, J. H., England (1.S.P.) 

Garrett, R. W., Canada 

Garthe, E. C., Federal 

Garvelink, Frank, Michigan 

Garwood, Kirk, Iowa 

Gass, George M., Canada 

Gatley, H. K., New Jersey 

Gaudin, E. L., Ohio 

Gaunt, W. C., Texas 

Gavett, Weston, New York 

Gearhart, J. N., Pacific Northwest 

Gehm, Harry Willard, Jr., New Jersey 

Gelbke, Arthur W., New York 

Gelston, W. R., Central States 

General Chemical Co., Associate, 
Att’n: L. I. Birdsall 

General Electric Co., Associate, Att’n: 
H. V. Crawford 

Genter, Albert L., Maryland-Dela- 
ware 

— Laurence M., New Eng- 
an 

Gentsch, Edward, Michigan 

George, J. E., Missouri 

Gerard, F. A., Central States 

Gerdel, W. E., Ohio 

Gere, William S., New York 

Gerhart, Edgar, Pennsylvania 
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Getz, Murray A., Central States (Dual- 
ederal 

Gibbons, E. V., Canada 

Gibbs, Frederick S., New England 

Gibbons, M. M., New Jersey 

a ee England (1.S.P.) 

Gibean H. ‘eo —. 


Giddens, S. M., "Georgia 
Gidley, H. K., Pennsylvania 
Giesey, J. ea "Central States 


Gifford, J. Central States 
Gifft, H. M., ‘New York 
Gilbert, J. q., Pennsylvania 


Gilbert, J. Miles, Florida 
Gilcreas, F. Wellington, New Eng- 
land (Dual-New York) 
Gilfrey, Grant S., Rocky Mountain 
Giles, J. Henry L., New England 
Giles, T. D., Jr., Florida 
Gill, Harry J., California 
Gill, John B., California 
Gill, Paul, Pennsylvania 
Gillard, J. E., England (1.S.P.) 
Gillespie, C. G., California 
Gillespie, Wylie W., Florida 
Gilman, Floyd, New York 
Gilman, Harry, Georgia 
Gilman, N. A., Pacific Northwest 
Gisborne, Frank R., New England 
Glace, I. M., Pennsylvania (Dual- 
New York) an 
Gladding, Charles, California 
Gladue, Donat J., New England 
Glamorgan Pipe & Foundry Co., 
Associate 
Glasser, Leo M., New York 
Glines, Robert A., New England 
Gmeiner, Frank, Central States 
Godfroy, J. I., Michigan 
Godshall, Horace E., Pennsylvania 
Goeke, Roscoe H., Federal 
Goff, James S., New England 
Goff, Wm. A., ‘Pennsylvania 
Gohde, Charles H., Central States 
Golbert, George M., Rocky Mountain 
Goldsmith, Philip, New York 
Goldthorpe, H. H., England (I.S.P.) 
Gooch, E. W., Pacific Northwest 
Goodman, Arnold H., Central States 
Goodnight, V. L., Pacific Northwest 
Goodridge, Harry E., California 
Goodwin, S. E., Canada 
Gordon, Arthur, Central States 
Gordon, Charles W., Central States 
Gorman, Richard C., Jr., New York 
Gorman, Wm. A., Pennsylvania 
Gotaas, Harold B., North Carolina 
Gothard, M. J., Central States 
Goudey, R. F., California 
Gould, Richard H., New York 


Grabbe Construction Co., H. A.,| Hall, G. D., Pacific Northwest 
Hall, Geo. A. Ohio 

Hall, Geo. L., Central States 
Hall, Geo. M., Central States 


Central States 
Grabbert, Gilsey R., Central States 
Graber, Ralph C., Federal 
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Greene, J. F., Rocky Mountain 

Greene, R. A., Michigan 

Greenfield, H. C., New Jersey 

Greenleaf, John W., Jr., New England 

Gregory, The John H. Sanitary & 
Municipal Reference Library, Cali- 
fornia 

Gregory, L. L., England (I.S.E.) 

Gregory, Ted R., California 

Gregory, Tom, Central States 

Greiff, V aay C., New York 

Greig, John M » New York 

Grelick, David, New York 

Griffin, A. E., New Jersey 

Griffin, F. T., New York 

Griffin, Guy ~ a England 

Griffin, H. P., 

Griffith, Crevice R. Onana States 

Griffith, L. B., Texas 

Grimes, Ben ios Jr., Texas 

Grimmer, A. K., Canada 

Grimsley, J. T., Federal 

Grinnell Company, Inc., The, North 
Carolina 

Grinnell, Russell, Michigan 

Groen, Michael A., Michigan 

Gromada, Stanley T., Georgia 

Gross, Carl D., Central States 

Gross, Dwight D., Rocky Mountain 

Grossart, L. J. H., Pennsylvania 

Grosshans, Edw. W., Central States 

Ground, Earl H., Kansas 

Grover, Robert H., New York 

Gruendler Crusher & Pulverizer Co., 

Associate, Att'n: Wm. P. Gruendler 

Gruss, A. W., California 

Gruss, John G., Pennsylvania 

Gunther, G. A., Central States 

Gurton, William S., Canada 

Gwin, Thomas M., California 


Haag, Gerald, Central States 
Habermehl, C. Austin, Michigan 
Haddock, Fred R., Pennsylvania 
Hadin, Leon A., Pacific Northwest 
Hadley, Henry, Canada 
Haemmerlein, Victor E., New York 
Hagar, C., Kansas 

Hager, Everett C., California 
Hager, Fred, Central States 

Hager, J. William, California 
Hagerty, L. T., Ohio 

Hagey, C. R., Canada 

Haigh, Linell E., Dakota 

Haimes, James, Canada 

Hale, Arnold H., New York 

Hale, Elliott J., New England 
Hale, Frank C., Central States 
Hale, Harry C., Missouri 

Halff, Albert H., Central States 
Hall, Frank H., ‘New York 
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Hanson, Arthur C., Central States 
Hanson, George I., New England 
Hanson, Harry G., North Dakota 
(Dual-Federal) 
Hanson, John R., New York 
Hapgood, E. P., California 
Hardenbergh, W. A., New York 
Hardenburgh, E. A., California 
Harding, C. G., Dakota 
Harding, Carl G., Florida 
Harding, J. C., New York 
Harding, Robert G., Pacific North- 
west, (Dual-California) 
Hardinge Company, Associate, Att'n: 
. Fleming 
maken. Thomas T., Central States 
Hardy, C. Asa, New York 
Hardy, William G., New England 
Hargraves, Z. D., Michigan 
Harley, Frank E., New Jersey 
Harmon, Jacob A., Central States 
Harmon, Judson A., California 
Harmon, Ray, Central States 
Harper, J., New England 
Harper, Travis C., California 
Harr, Neal, Kansas 
Harris, Geo. C., Central States 
Harris, H. E., Florida 
Harris, I., England (1.S.P.) 
Harris, J. F., Pennsylvania 
Harris, T. R., Central States 
Harris, Thomas, New York 
Harris, W. Norris, Georgia 
Harrison, Edw. F., New York 
Hart, W. B., Pennsylvania 
Hartley, G. R., New Jersey 
Hartley, John R. -» New England 
Hartline, Wm. C., Florida 
Hartman, B. J., Central States 
Hartman, Byron K., New York 
Hartung, N. E., Central States 
Hartzell, E. F., Pennsylvania 
Harvey, Carl, New York 


Harvey, J. B., England (1.S 

Harwell, G. AS Missouri 

Haseltine, T. R., Pennsylvania (Dual- 
California) 


Hasfurther, Wm. A., Central States 
Haskins, Charles A., Missouri 
Hastie, James. ‘New York 
Hastings, W. E., New York 
Hatfield, W. Db. "Central States 
Hattery, Chas. E., Central States 
Hauck, Chas. F , Ohio 

Hauer, Gerald E., Michigan 
Haven, John F., Pennsylvania 
Havens, William 

Hawkins, 5. B..  ocdiermp 
Haworth, J. v7. Pennsylvania 
Haworth, W. D., England (I.S.E.) 
Hawtrey, R. O., Canada 

Hay, T. T., Central States 
Haydock, Chas., Pennsylvania 
Hayes, John A., New York 


Hayes, Walter, California 


Gracenin, Sylvester, Pennsylvania Hall, Harry R., Maryland-Delaware | Hayob, Henry, Jr., Missouri 


Graden, Paul W., Central States 
Graemiger, Joseph A., New England 
Graham, E. H., California 
Graham, Edward J.. New York 
Graham, James E., Michigan 
Graham, Maynard, Rocky Mountain 
Graham, William, California 
Gran, John E., Georgia 
Granger, George, Michigan 
sranger, George M., New England 
Grant, Howard L., Texas 
Grantham, G. R., Central States 
Graul, Leroy H., New Jersey 
Graver Tank & Mfg. Co., Inc., Associ- 
ate, Att’n: G. V. Malmgren 
Graves, Carl T., Central States 
Graves, Wallace M., New Jersey 
Gray, Ear! G., Michigan 
Gray, Harold F., California 
Gray, William, Canada 
Greeley, Richard F., New England 
Greeley, Samuel A., Central States 
Green, Alvin W., Pacific Northwest 
Green Bay Fdy. & Machine Works, 
Associate, Att’n: James P. North 
Green, Carl E., Pacific Northwest 
Green, Howard R., Iowa 
Green, Roy F., Central States 
Green, Wingate, Florida 


Hall, John W., Montana 

Hall, S. P., Central States 

Hall, W. H., North Carolina 
Hall, W. N., Canada 

Hallam, G. C., Pacific Northwest 
Hallgren, R. A., Canada 
Hallock, Emerson C., New York 
Halpin, John, New York 


Halvorson, H. O., Central States 
Hambleton, F. T., England (1.S.P.) 
Hamilton, G. M., Canada 
Hamilton, L. A., Central States 
Hamilton, R. C., Central States 
Hamilton, R. F., Pacific Northwest 
Hamlin, C. H., England (I.S.P.) 
Hamlin, F. M., Texas 

Hamm, Wm. C., New York 


Hammer, Vernon Benjamin, Iowa 


Hammond, Robert H., California 
Hanes, Gilbert C., California 
Haney, Paul D., Kansas 


Hanlon, D. A., Florida 
Hansell, Wm. A., Jr., Georgia 
Hansen, Alfred E., Michigan 


Henley, M. E 


Hays, Clyde C., Texas 
Hayward, Homer J., Michigan 
Hazen, John B., Montana 

Hazen, Richard, New York 
Hazey, George, Michigan 

Healy, William A., New England 
Hedenstad, Paul c -» New England 
Hedgepeth, L. L., 


Pennsylvania 
(Dual-New York) 


Heffelfinger, D. D., Ohio 

Heider, Robt. W., Central States 
Heim, Mitzi, Central States 
Heinrikson, J. J., 
Heiple, Loren R., Central States 
Heisig, H. M 
Heiss, Edw. A., Pacific Northwest 
Helland, H. R. rR. Texas 
Hammann, Charles G., New England | Heller, Austin N., New York 

a _ | Heller, C. F., Pennsylvania 
Hammond Bd. of Sanitary Commis- | Heller, Lloyd J., Central States 
sioners, (Corporate), Central States | Hemblett, W. C., Federal 


Kansas 


, Central States 


coe econ Carl, Rocky Mountain 

eo nee 
enderson, E., England (I.S.P. 

Hankin & Co., Ltd., Francis, Canada | Hendricks, Gerald F.. er ‘Se: ates 


Chas. F., New York 
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Holter, A. L., Pacific Northwest 

Holtje, Rz ulph H., New Jersey 

Holtz, William, Michigan 

Holy, Ww illiam E., Federal 

Hom Arthur Ri: Missouri 

Homeli ite Corp., Associate, Att’n: 
Nelson Thompson 

Hommon, Charles C., Ohio 

Hommon, H. B., Federal (Dual-Cali- 
fornia) 

Hood, John W., New Jersey 

Hoot, Ralph A., Central States 

Hoover, C. B., Ohio 

Hope, Malcolm C., Federal 

Hopkir is, ‘Six Maryland- Delaware 

Hopkins, Glen J., Dakota (Dual- 
Federal) 


Hopkins, L. S. R., New York 
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Horgan, John J., New York (Dual- 
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Horne, Ralph W., New England 
Horner & Shifrin, Missouri 
Horton, Roland, Missouri 
Hoskins, J. K., Federal 
Hoskinson, Carl M., California 
Hotchkiss, H. T., Jr., New York 
Hoth, Fred, Central States 
Houser, C. S., Ohio 
Houser, George oe New England 
Houston, W. PS ., Georgia 


Howard, C. Pacific Northwest 
Howard, - : ‘Can ada 
Howard, , New England 


Howard, R x Missouri 

Howarth, J. Bi England (I.S.P.) 

Howe, Ben V., Rocky Mountain 

Howe, Harry, Iowa 

Howe, J. P., Canada 

Howell, Eugene M.., California 

Howland, W. E., Central States 

Howson, J. T., New York 

Howson, L. R., Central States 

Hoy, J. R., Florida 

Hoy, M. J., Dakota 
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Hoyle, W. H., England (1.S.P.) 

Hoyt, Clinton W., New York 

Hoyt, Earle S., Ohio 

Hromada, Frank M., Central States 
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Huebner, Ludwig, California 
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(1.S.E.) 
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Hunter, A., England (iF) 

Huntress, rou O., Missouri 
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Hurley, J., England (1.S.P.) 

Hurst, Chas., Central States 
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Hurst, W. D., Canada 
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Hutchins, Will A., Central States 

Huth, Norman A., California 

Hutton, H. S., Pennsylvania 

Hyatt, Carl, Rocky Mountain 

Hyde, Charles Gilman, (Honorary) 
California 


Ignacio, Krause A., Federal 

Illinois Dept. of Public Health, (Cor- 
porate), Central States 

Imbt, M. Russell, Pennsylvania 

Indiana State Bd. of Health, (Corpo- 
rate), Central States 

Infilco, Inc., Associate, Att’n: H. W. 
Gillard (Corporate), Central States 

Ingalls, James C., Pacific Northwest 

Ingols, Robert S., Michigan 

Ingram, Wm. T., California 

lowa City, City of (Iowa), Iowa 

lowa Falls, City of (Iowa), lowa 

Iowa Valve Co., Associate, Att’n: C. 
S. Howard 

Irvine, A. S., Canada 

Irwin, Forrest, Ohio 

Irwin, G. M., Pacific Northwest 

Ivanissevich, Ludovico, Argentina 
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Jack, Grant R., Canada 
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Jackson, S., England (1.S.P.) 
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James, Glenn, Central States 
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Hopper, Allen O., New York 
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Janzen, H. A., Kansas 

Jarlinski, Alice M., New York 

Jarlinski, Thaddeus T., New York 

Jeffrey, H. H., California 

Jeffrey Manufacturing Co., Associate, 
Att’n: S. L. Tolman 

a J. Franklin, Jr., New Eng- 


an 
Jenks, Glenn, Rocky Mountain 
Jenks, Harry N., California 
Jenne, Lyle L., Pennsylvania 
Jenner, George L., Missouri 
Jennings, A., England (1.S.P.) 
Jensen, Emil Pacific Northwest 
Jerge, Ray, New York 
Jerman, Daniel L., New York 
Jessup, A. H., California 
Jeup, Bernard H., Central States 
ewell, H. W., California 
ob, Richard one Georgia 
ohannessen & Girand, Arizona 
Johns-Manville Corp., Associate, 
Att’n: G. A. McGinnis 
Johnson, Arthur N., Central States 
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Johnson, Kenneth R., Dakota 
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Johnson, Russell K., New York 
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Jones, C. B. O., England (1:S.P.) 
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New York) 

Jones, Frank O., Central States 
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Jones, John N., Central States 

Jones, Martha A., Central States 

Jones, S. Leary, Federal 
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Josam Manufacturing Co., Associate, 
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Joy, C. Fred, Jr., New England 
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Kaar, G. C., Central States 
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west 
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Kappe, S. E., Pennsylvania (Dual- 
New England and New York) 
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Larson, L. L., Central States 

LaRue, Luther, Ohio 

Lasaga, Andres, Texas 

Lassiter, L. I., North Carolina 











Kivari, A. M., California 
Kivell, Wayne A., New York 
Kizler, Wilfred cs California 
Klegerman, M. H., New York 
Klein, J. A., Central States 
Klein, L., England (1.S.P.) 
Klein, Lewis, Pennsylvania 
Klein, Wm. I., New Jersey 
Kleiser, Paul J., Central States 
Kleven, John, North Dakota 
Klinck, Frank, New York 
Kline, H. S., Ohio 

Knapp, Chas. A., New York 
Knapp, Floyd H., New York 
Knapp, Henry A., Georgia 
Knechtges, O., Central States 
Knight, C. H., Canada 


| Laughlin, William G. C., New York 


Latham, Donald S., New England 
Lauer, Wm. N., Central States 
Lauramore, Horace H., Florida 
Lauster, K. C., Dakota 
Lautenschlager, Hubert, Ohio 
Lautz, Harold L., Central States 
LaValley, E dward C., New York 
Lawrence, John, New York 
Lawson, W. S., Canada 

Lea, J. i.; England (1.S.P.) 

Lea, W. S., Canada 

Leach, Walter L., Ohio 

Leahey, Anthony T., New Jersey 
Learn, Henry C., Central States 
Leatherland, C. F., Canada 
LeBosquet, M., Federal 





Knittel, E. Ay Pacific Northwest 
Knoedler, H. A., California 
Knollman, Fred, Rocky Mountain 
Knowles, Coyle E., New Yor 
Knowlton, W. T., California 

Koch, Philip L., Central States 
Kochtitzky, O. W., Jr., Federal 
Koebig, A. H., Jr., California 
Koegterer, Edwin, Central States 
Kolb, Fred W., California 


LeChard, Joseph H., New Jersey 
LeClerc, Arthur North Carolina 
LeClercq, E. P., w York 
Ledeen, Rudolph ne Texas 
Lederer, K., California 

Ledford, George L., New York 
Lee, Chas. H., California 

Lee, J. Douglas, Canada 

Lee, Ming, Central States 

Lee, Oliver, Central States 
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Leh, Willard, Pennsylvania 
Lehmann, Arthur F., New Jersey 
Leigh, H. G., England (1.S. P.) 
Leinbach, Harry, Pennsylvania 
Leist, Ervin F., Ohio 
Leithiser, E., Pennsylvania 
Leland, Raymond I., Central States 
Lemcke, Ewald M., California 
Lemieux, R. A., Canada 
Lemon, Paul R., California 
Lendall, Harry N., New Jersey 
Lenox, Jacob L., New Jersey 
Lentfoehr, Charles E., Central S 
Leonard, O. M., Florida 
Leonard, W. V., Rocky Mountain 
Leonard, W alter E., Ohio 
Leonhard, a og M., Michigan 
Lesher, C. E., Jr., Ohio 
Lessig, D. A Central States 
LeValley, Fred, California 
LeVan, James H., Federal 
Levan, Stephen, c — States 
Lewis, Harry C., Texas 
Lewis, John V. , New York 
Lewis, R. K., Central States 
Ley, Charles H., Canada 
| Limestone Products Corp. of — lerica, 
Associate, Att’n: Peter J. 
Lind, A. Carlton, Central Stz ee 
Lindell, O. V., Missouri 
Linderman, ©. , Centré ; States 
| Linders, E cdward, Federal 
| Lindsley, R. V., England (1.S.E. 
Lindsten, H. C., Dakota 
Link-Belt Co., (Corporate), Att'n 
Frank W. Lovett, Central States 
Link-Belt Co., Associate, Att'n: 
William L. Hartley 
L ippelt, Hans B., New York 
| Lium, E. L. Dakota 
IL ivingston, i. E., Texas 
| Livingstone, Bard, California 
Lloyd, G. H., Canada 
Lobb, Everett, Dakota 
| Lobee, Frank A., Jr., New York 
Locke, Edw. A., New England 
Lockett, W. T., England (1.S.P.) 
Lockwood, Bronson E., New England 
Loelkes, Geo. L., Missouri 
Loftus, Harry P., New England 
Logan, Robert P., New Jersey 
Long, Chas. A., New York 
Long, Frank V., California 
Long, George S., Pennsylvania 
Long, H. Maynard, Central States 
Long, James C., New Jersey 
Longbottom, V., England (I.S.P.) 
Longley, Paul N., Pennsylvania 


tates 











Loomis, Harry E., New York : 

Los Angeles Public Library (Cali 
fornia), California 

Los Angeles Public Library, Serials 


Div., (California), California 
Losee, James R., New York 
Luther, Robt. W., North Carolina 
Lovejoy, W. L., Pacific Northwest 
Lovell, Clarence, lowa 
Lovell Clay Products Co., (€ 

Att’n: R. E. Richardson, 
Lovell, Theodore R., lowa 
Lovett, F. W., Central States 
Lovett, M., England (I.S.P.) 
Loving, M. W., Central States 
Lovrinch, Louis B., Central States 
Lowden, L. J., Central States 
Lowe, Robt. P., California 
Lowe, Walter M., New York 
Lowther, Burton, California 
Lozier, Wm. S., New York 
Lubratovich, M. D., Central States 
Luchtenberg, R. O., Ohio : 
Ludlow Valve Manufacturing Co., 

Associate, Att’n: Robert Bischoff 
Ludwig, Harvey F., California (Dual- 

Federal) : 
Ludwig, Russell G., California 
Ludzack, F. J., Central States 
Lueck, Bernard F., Central States 
Luff, R. M., Pennsylvania 
Luippold, G. T., California 
Lumb, C., England (I.S.P.) : 
Luquire, Joseph W., Jr., Georgia 
Luske, Wm. E., Central States 
Lustig, Joseph, Central States 


Sorporate), 
Montana 


(Dual- 








Komline, T. R., New Jersey 
Konichek, James T., Central States 





Leemaster, J. F., Michigan 
Leggett, F. H., England (1.S.P.) 





Luthin, John C., Arizona 
Federal) 


eee 


eer 


wees Resta te 
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Lux, Kathleen F., — States 


Lyman, C.S., 
Lynch, Daniel E., Its go York 
New 


Lynch, James T., 

Lynchburg Foundry en a "danas 
Att'n: W. Roy Odor 

Lyons, William, New York 

McAdoo & Allen Welting Co., (Cor- 

porate), Pennsylvania 





McAfee, i. D., Texas 

McAnlis, Chz auncey R., Central States 
McArthur, Franklin, Canada 

McCabe, Joseph, New York | 
McCabe, Michael, Pennsylvania | 
McCall, R. * Central States 
McCallum, G. E., Federal 

Mc( Texas 





Wm W arren, 
ne - D. R., Canada 


McC 
New England 


McC “Toseph A f 













McCz ey, Des Pennsylvania 

Mc( Wi alter R., Central States 
McCl E. Pacific Northwest 
Mc( lav e, S. Wood. Jr., New Jersey | 
McCl siete. Wie Jas Central States | 
McClintock, H. C., Rocky Mountain } 
McClure, Ernest, Central States | 
McCoombs, roe A., Canada | 
McDaniel, C. C., Central States 

McDill, Bruce Mi Ohio 
McDonald, G. S., England (I.S.E.) 
Mcl Id, N. G., Canada | 
MclI ell, Geo. H., New York 
McFarlane, Walter D., Michigan 
McFat W.L. ;% anada 





McGeo rge, W. iG, , California 
McGrath, C. P. . Michigan 
McGuire, , Ohio 

McGuire, M. , Pacific Northwest 


McHugh, C. Canada ; | 
Mclivaine, Wm. D., Jr., Central 
te | 





Gerald J., New York 
Pierce B., California 
C Se Pv Ses Ohio 

McKay, R. Don: ald, Canada 
Mckay, W. Canada 
Mckee, Frank a Central States 
McKee, Jack E., New England | 
Mckee, S. C., Ohio | 
McKeeman, Edwin C., New York | 
Mckeen, W. H., California ' 
McKeever, R. L., Ohio | 
Mckenna, Harold k., Michigan | 
Mckinlay, Daniel, C alifornia 
McLaren, Alired M., California 


McLaughlin, ig ‘Central States 
McLaughlin, ¢ arroll W., New York 
McLaughlin, H. L., Rocky Mountain 
McLaughlin, John, New Jersey 
McLean, D. L., Canada 

McLean, R. F., Pacific Northwest 
McMahon, Walter A., New England 
McManamna, T. L., Canada 
McMenamin, C. B., New Jersey 
McMillan, Donald C., California 
McMorrow, B. J., California 
McMorrow, Thos. a California 
McMullen, W. B., Canada 
McMullen, William, Central States 
Namara, W. P., Pacific Northwest 








», Paul D:, Federal | 
MeNich yz " Ee . ngland (1.S.P.) | 
McNiece, L. G., Canada | 
McNiven, RK. Canada 


McNulty Engineering Co., Associate, 
Att’n: A. Donald McCulloch 

McWilliams, D. B., Canada 

Mabbs, John W. , Central States 

Macabee, Lloyd Cs California 

Macauley, 3. Ws New York 

MacCallum, C., New York 

MacC — Percy C., New York 

MacCrea, J. M., New York 

Mac Do mn aid, 5, ee Central States 

MacDowell, R. F., Ohio 

MacKenzie, Vernon G., Federal 

Mackin, J. ron , Central States 

Mac Kinnon, Ronald M., Canada 

MacLaren, J. F., ¢ Yanada 

MacLean, J. D., Canada 

MacLean, William D., Canada 

MacNicol, N., Canada 

Maga, John ro California 

Magnuson, Francis J., Central States 

Maguire, Chas. A., New England 





| Manteufel, 


| Marshall, 


| Marshall, W. W., Canada 
| Marston, Frank A., New 
| Martens, Myron M., 
| Martin, A. E., 


| Martin, George W.., 
| Martin, Phil J., Jr 


| Marx, Frank, New York 
| Marx, Geo. W., 


| Merkel, Paul P., 


CONSOLIDATED LIST OF MEMBERS 


Magwood, W. H., Canada 

Mahlie, W. S., Texas 

Maier, F. J., Federal 

Maier, Paul P., Federal 

Main, Ralph A., Michigan 

Makepeace, W. H., England (1.S.P.) 

Malcolm, Wm. L., New York 

Mallalieu, W. C., New Jersey 

Mallmann, W. L., Michigan 

Mallory, Edward B., Pennsylvania, 
(Dual-Central States & Michigan) 

Malone, J. R., North Carolina 

Malony, W. L., Pacific Northwest 

Mangones, Robt. J., New York 

Mann, Alfred H., New York 

Mann, Karl M., New York 

Mann, Uhl T., New York 

Mannes, C. O., Pacific Northwest 

Mannheim, Robert, New England 

Manning, Paul, Canada 

Manock, W. R., Canada 

Mansfield, M. G., Pennsylvania 

Lawrence A., Central 
States 

Marchon, Seigmund S., New York 

Marcott, D. G., Montana 

Mariner, W. S., New England 

Mark, Richard S., Federal 

Marshall, E. A., Ne w York 

Marshall, Herbert, Rocky Mountain 

J. C., Michigan 

Marshall, Leslie S., New York 

Marshall, W. B., New York 


England 
Central States 
New York 

Martin, Alexander G., New York 
Martin, Benn, California 

Martin, Charles P., California 
Martin, Edw. J., Jr., New York 
Martin, Geo. W., Central States 








Pennsylvania 
, Arizona 
Central States 
California 


Martin, S. C., 
Martin, Stanley F., 


Arizona 

Maryland State Dept. of 
Maryland-Delaware 

Mason, E. R., —— 


Health, | 


Mather, Edw. Dakota 
Mather, L. A., Soke Mountain 
Mathers, Geo., New York 
Mathews, E. R., Dakota 


Mathews, Frank E., Pacific Northwest 

Mathews, W. W., Central States 

Mathieson Alkali Works, Inc., Associ- 
ate, Att’n: J. O. Logan 

Matter, L. D., Pennsylvania 

Mattox, Leon, Central States 

May, D. C., Michigan 

May, Harold L., California 

Meaney, W. J., Texas 

Mebus, Geo. B., Pennsylvania 

Mechanik, Joseph, New York 

Medbery, H. Christopher, California 

Medland, C. R., Canada 

Meeker, Herbert J., New York 

Melander, William E., New York 

Mendelsohn, I. W., New York 

Menzies, D. B., Canada 

Menzies, J. Ross, Canada 

Mercer, H. S., England (1.S.P.) 

Pennsylvania 

Merlo, Louis A., Jr., Canada 

Merrick, Ray, Central States 

Merrill, Joseph, Canada 

Merrill, Walter E., New England 

Merryfield, Fred, Pacific Northwest 

Merz, H. Spencer, Central States 

Merz, R. C., Central States (Dual- 
Michigan) 

Metcalf, H. B., Central States 

Metzger, Ambrose B., Pennsylvania 

Metzger, Jesse, Central States 

Meyer, Carle, New England 

Meyer, H. L., Michigan 

Meyer, Louis P. H., California 

Michael, Fred C., New York 

Mick, K. L., Central States 

Mickel, John E., Central States 

Mickle, Chas. T., Central States 

Middleton, Francis M., Federal 


| Monroe, S. G., 
Monsell, Harry M., 





Middleton, Walter, New Jersey 
Miick, Fred E., California 
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Miles, Henry J., California 
Millensifer, R. W., Montana 
Miller, A. S., England (1.S.P.) 
Miller, Alden W., Arizona 
Miller, Charles W., New York 
Miller, David R., Central States 
Miller, Fred M., New York 
Miller, H. E., Michigan 
Miller, J. John, Pennsylvania 
Miller, John B., Florida 
Miller, John E., Michigan 
Miller, L. A., Central States 
Miller, Lewis B., Pennsylvania 
Miller, Maurice L., Central States 
Miller, Noble, Central States 
Miller, Norman A., Michigan 
Miller, Olly G., Canada 
Miller, W. C., Canada 
Milligan, Francis B., Pennsylvania 
Milling, M. A., Central States 
Mills, J. Ralph, California 
Mills, W., Stuart, Canada 
Mine Safety Appliances Co., 
ate 
Minneapolis-St. Paul San. Dist., 
porate), Central States 
Mirgain, F. C., New Jersey 
Mitchell, Ansel N., Kansas 
Mitchell, Burton F., New England 
Mitchell, Louis, New York 
Mitzel, Robert W., Pennsylvania 
Modak, N. V., England (1.S.P.) 
Moehr, Louis, Michigan 
Moeller, Bernard B., Pennsylvania 
Moeller, Carl, Central States 
Moeller, William H., New York 
Mogelnicki, Stanley J., Michigan 
Moggio, Wm. A., North Carolina 
Mohlman, F. W., (Honorary) Cen- 
tral States 
Moir, Robert W., New England 
Molitor, a ird P., New Jersey 


Associ- 


(Cor- 


Monk, H. E., E ngland (1.S.P.) 
Monroe, c ity of, (North Carolina), 
North Carolina 


Ohio 

New York 

Montgomery, Homer M., Oklahoma 

Montreal, City of (Quebec), Canada 

Moon, James N., Pennsylvania 

Moor, Alex, New York 

Moor, W. C., Texas 

Moore, Charles A., Pennsylvania 

Moore, Edward W., New England 

Moore, F. Owen, England (1.S.E.) 

Moore, Geo. S., North Carolina 

Moore, George W., New York 

Moore, Lee S., Central States 

Moore, R. B., Central States 

Moore, R. L., England (I.S.P.) 

Moore, W. A., Federal 

Moorhead, Truman Orren, Florida 

Morehouse, W. W., Ohio 

Morgan, Edward F., Jr., New Eng- 
land 

Morgan, George, Canada 

Morgan, Philip F., Central States 

Morgenroth, Fritz, New England 

Morin, A., Canada 

Morkert, Kenneth, Central States 

Morrill, Arthur B., Michigan 

Morris, Arval, California 

Morris, D. B., Central States 

Morris, Lee, Dakota 

Morris, Paul J., Pennsylvania 

Morris, Rael F., Federal 

Morrisey, Richard A., Pennsylvania 

Morrison, James E., Pacific North- 
west 

Morrow, Ben S., Pacific Northwest 

Mortensen, Ernest D., New England 

Mortenson, E. N., Central States 

Moses, H. E., (Honorary) Pennsyl- 
vania 

Moses, James E., North Carolina 

Mosier, J. F., Michigan 

Moss, F. J., Federal 

Mott, C. A., Canada 

Moudy, R. B., Rocky Mountain 

Mountfort, L. ji England (I.S.P.) 

Mowbray, Geo. A. New York 

Mowrey, J. Hase, Pennsylvania 

Mowry, R. B., New Jersey (Dual- 
Pennsylvania) 

Moya, Ing. Victor Jose, Pennsylvania 

Moyar, Jesse, Ohio 
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Mudgett, C. T., Michigan 

Muegge, O. J., Central States 

Mueller Company, Associate 

Muldoon, Joseph A., New England 

Mulholland, R. A., Texas 

Mulvihill, Francis a5 Pennsylvania 

Munding, Germaine ics New York 

Munroe, E. H., Cariada 

Munroe, Henry F., New England 

Munroe, James A. & Sons, Associate 

Munroe, Walter C., Maryland-Dela- 
ware 

Munson, Laura A., California 

Murdock, Wm. J., Pennsylvania 

Murphree, Verbon L., California 

Murphy, John A., Central States 

Murphy, Reginald A., New York 

Murray, A. E. Scott, E ngland (1.S.E.) 

Murschel, Jacob, Dakota 

Musgrave, A. S. G., Canada 

Muss, Joshua, New Jersey 

Mutzberg, F. A., North Carolina 

Myatt, H., England (I.S.P.) 

Myles, George, Michigan 


Naehr, Harry F., Georgia 

Nance, E. L., North Carolina 

Nangle, B. A., Dakota 

Nasi, Kaarlo W., California (Dual 
Federal) 

Nason, Edward Mck., Canada 

National Council for Stream Im- 
provement, (Corporate), Att’n: 
Harry W. Gehm, New York 

National Water Main Cleaning Co., 
Associate, Att’n: Clinton Inglee 

Nauer, Louis A., Jr., Central States 

Naylor, William, New England 

Neale, William F., Maryland-Dela- 


ware 
Necker, C. E. 


Canada 
Alfred, Texas 
Neiman, W. , Central States 
Nelle, Ric pa Ss Central States 
Nelson, Ben O., Pacific Northwest 
Nelson, Casper I., Dakota 
Nelson, D. H., Central States 
Nelson, Frederick G., California 
Nelson, H. G., Michigan 
Nelson, H. Lloyd, Pennsylvania 
Nemmers, W. P., Iowa 
Nesheim, Arnold, Federal 
Ness, Ole J., Central States 
Neumann, George B., Central States 
Neves, Lourenco Baeta, New York 
Nevitt, I. H., New York 
Newell, M. A., Rocky Mountain 
Newell, Town of, (lowa), lowa 
Newland, Stewart H., Texas 
Newlands, James A., New England 
Newman, Alfred C., Florida 
Newsom, Reeves, New York 
Newton, City of, (Iowa), lowa 
Newton, Donald, Central States 
Nicholas, Forrest A., Central States 
Nichols, Arthur E., New York 
Nichols Engineering & Research Corp., 
Associate, Att'n: R. W. Rowen 
Nichols, F. E., Ohio 
Nichols, M. Starr, Central States 
Nicholson, C. P., New York 
Nickel, Jack B., Georgia 
Nickle, A. J., Canada 
Nicklin, H. S., Canada 
Niebergall, Herbert J., New York 
Nielsen, N. P., Rocky Mountain 
Niles, A. H., Ohio 
Niles, Chas. A., New York 
Niles, Thomas M., Central States 
Nixon, J., England (1.S.P.) 
Nixon, M. B., Georgia 
Nixon, Ray, Kansas 
Noel, Carl F., California 
Nold, Vern, Central States 
Nollett, Frank, New York 
Noltenius, V. Julio, Florida 
Nordell, Carl H., Central States 
Norfleet, Clark T., California 
Norgaard, John, Michigan 
Norman, G. A., Central States 
Norris, Francis I., Federal 
Northrop, L. E., Arizona 
Nugent, Harold F., New York 
Nugent, Lee M., California 
Nussbaumer, Newell L., New York 








i 





| Orton, J. W., 
| Osborn, L. C., 


| Osthoff, Richard H. L., Jr., 


| 
| 


| 
| 


| 
| 
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Nussberger, Fred, New York 
Nutter, Frank H., Central States 


Obma, Chester A., Central States 

O'Brien, Earl F., New York 

Ocean City Sewer Service Co., 
Jersey 

Ockershausen, Richard W., New York 

O'Connell, Wm. J., Jr., California 

O'Connor, Wm. F., Jr., New York 

Odbert, Eugene, Jr., Central States 

Odell, “a Central States 

O'Dell, V New York 

O' Donnell. tee we F., New York 

O'Donnell, R., Pennsylvania 

Oeffler, W. A., Central States 

Oeming, L. F., Michigan 

O'Flaherty, Fred, Ohio 

Ogden, Henry N., New York 

Ogden, Willis L., Federal 

O'Hara, Franklin, New York 

O'Hara, John, Pennsylvania 

Ohr, Milo F., Michigan 

Oke, Ernest E. W., Canada 

Okun, Abraham H., New York 

Okun, Daniel A., Central States 

Old, H.N., Lae es 

Olding, ‘J Dakota 

O'Leary, aS New York 

Olewiler, + Sl M., Pennsylvania 

Oliver, er ag J., Rocky Mountain 

Olsen, W. C., North Carolina 

Olson, F cae W., Central States 

Olson, Jack, Rocky Mountain 


New 


Omega Machine Co., Associate 
O'Neill, Ralph W. c alifornia 
Ongerth, Henry J., California 


Onions, Robert, C anada 





Oplinger, Lester, Pennsylvania 
Orchard, W. J., New York 

Ordway, E. S., New Jersey 

Orr, Wm. S., Canada 

Michigan 

Rocky Mountain 
Osenbaugh, R. J., Rocky Mountain 
Osterhoudt, William C., gg York 
New Jer- 


sey 
Otts, Louis E., Jr., Texas 
Ousterhout, Alfred, New York 
Outlow, J. M., Texas 
Overall, W. c Central States 
Owen, Mark B., Canada 
Ozelsel, A. M., Central State 


| Pitkin, Ward H., 


Pacheco, Leo, A alifornia 

| Pacific Flush Tank Co., (Corporate), 
Central States (Dual- Ohio) 

Padgett, J. W., Arizona 

Page, Ronald ce California 

Painter, Carl E., California 

Palange, R. C., Federal 

Pallo, Peter E., New York 

Palmer, Benjamin M., New England 


Palmer, C. L., Michigan | 
Palmer, F. F., Montana | 
Palmer, Harold K., California 


Palmer, John R., Central States 
Palocsay, Frank S., Ohio 

Panian, August J., ‘Central States 
Pappmeier, Louis S., Central States 
Pardew, W. Holmes, Pennsylvania 
Parker, H. C., California 

Parker, a k., New England 
Parkes, A., California 

Parks, = a Pacific Northwest 
Parks, Ed., Montana 

Parrish, Clifford M., Texas 

Parish, Miles A., California | 
Parrish, Rial T., Ohio 

Parsons, R. H., Canada | 
Partin, John L., California 

Patterson, Dewey O., Texas 
Patterson, J. R., Missouri 

Patterson, Orville W., Central States 
Patterson, Roy K., New York 

Paul, Lewis C., New York 

Pawlak, John S., New York 

Payrow, Harry G., Pennsylvania 
Peak, M. C., Texas 

Peake, J. B., New York 

Pealer, Thomas, Pennsylvania 
Pearce, Fletcher, Montana 

Pearce, H. B., Arizona 

Pearl, Emanuel H., Texas 








| Piatt, Wm. M., 


| Pizie, Stuart G., 


| Porter, H., 
; Porter, J. W., 
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Pearse, Langdon, 
tral States 

Pease, Maxfield, Ohio 

Peaslee, Geo. A., Central States 

Peck, Lawrence J., New York 

Pecker, Joseph S., New York (Dual! 
Pennsylvania) 

Pederson, Jean J., California 

Pelz, Wm. , Cana a 

Pense, Irel V., Central States 

Pennington, Marvin, Central States 

Pennsylvania Salt Mfg. Co., Associ 
ate, Att'n: L. L. Hedgepeth 

Pepin, E. J., Montana 

Pequegnat, Robt. K., Canada 

Perkins, C. K., New York 

Perrine, J. Franklin, New York 

Perry, A. H., Canada 

Perry, Earl R., New England 

Peterson, Earl L., New York 

Peterson, Edward T., Central States 

Peterson, Ivan C., Central States 

Peterson, J. H., California 

Peterson, Myhren C., Central States 

Peterson, Ralph W., Central States 

Petrie, Wm. P., New England 

Pett, K. M., Central States 

Pfeifer, John C., Pacific Northwest 

Phelps, B. D., California 

Phelps, Boyd E., Central Stats 

Phelps, Earle B., New York 

Phelps, Ellis K., Florida 

Phelps, Geo., Canada 

Philips, H. Ss; Canada 

Phillips, Elmer, California 

Phillips, H. N., New York 

Phillips, R. S., North Carolina 

Phillips, Roy L., Pennsylvania 

Phoenix, Edward A., New York 

North Carolina 

Pickett, Arthur G. , California 

Pierce, C, L., California 

Pierce, D. O., California 

Pierce, George O., Central States 

Pierce, H. M., Dakota 

Pierce, W. E., Michigan 

Pierron, L. L., Ohio 

Pierron, Wm., Sr., Pacific Northwest 

Pierson, Nat D., North Carolina 

Pincus, Sol, New York 

Pine, E. T., Central States 

Pinkney, Glenn E., New York 

Pinney, F. W., Dakota 

Piper, K., Dakota 

New York 

Pittsburgh-Des Moines Co., 
ate, Att’n: J. E. O'Leary 


(Honorary) Cen. 








Associ- 


| Pittsburgh Equitable Meter Co., As- 


sociate 

Florida 
Placek, O. R., Federal 
Pledger, A., England (1.S.P.) 
Plummer, M. W., Montana 
Plummer, Raymond B., 


States 
Pohl, C. A., New York 
Pollex, Elmer, Ohio 
Pollock, John M., New York 
Pomeroy, Clarence, Michigan 
Pomeroy, Richard, California 
Poole, B. A., Central States 
Poole, S. B., England (1.S.P.) 
Poole, Wm. A., California 
Pope, Lester, New Jersey 
Porges, Ralph, Ses 
Porteous, W. England (I.S.! 
Cc aliiornie 
Montana 
Porter, Sam D., Michigan 
Porter, Thomas H., Canada 
Porter, William, New York 


Central 


| Posey, James, Maryland-Delaware 


Post, Fred W., California 

Post, H. H., Michigan 

Poston, R. F » Rocky 
(Dual-Federal) 

Potter, Dave., Central States 

Potter, H. M., Maryland-Delaware 

Potts, Clyde, New York 

Potts, Harry G., Michigan 

Powell, A. R., New York 

Powell, Frances, Texas 

Powell, G. G., Canada 

Powell, J. G., Canada 

Powell, Otto, Central States 

Powell, Reuben R., Florida 


Mountain 
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Powel. S. T., Maryland-Delaware 
Powell, W. L., Texas 

Powers, E. C., Ohio 

Powers, R. W., California 

Powers, Thomas J.. Michigan 
Pratt, Gilbert H., New Eacend 
Preston, > M., — 

Price, C. , Dakot 

Price, D. i As ~ (1.S.P.) 
Priess, LeRoy, Kansas 


Pringle, H. L., Canada 

Probasco, S. R., New Jersey 

Prodanovich, Danilo, Georgia 

a tioneers, Inc., Associate, Att’n: 
Hollberg, 


Bhat In Chester F., New England 
Provost, Andrew J., Jr.. New York 
Pri A. C., Texas : 
Public "Works Magazine, Associate 
Puckhaber, Fred H., Texas 

tephen P., New England 

rdie, David J., New York 
cote r, John R., jr. .. North Carolina 








Quaely, rig F., New York 
Quartly, Eric V., California 

Quigley Company, Inc., Associate, 
Att'’n: R. A. Trefethen 

Quinn, Joseph L., Jr., Central States 
Quivey, Raymond V., New York 





Racek, L., Jr., Central States 

Racely, Wilbur A., California 

Radcliffe, Jack C., New Jersey 

Radel, Andrew, New Jersey 

Raisch, Wm., New York (Dual-New 
England) 

Ralston, Wilmer R., Pennsylvania 

Ramseier, Roy E., Sr., California 

Randall, W. T., Canada 


Raneri, Ray, Federal 

Rankin, R. S., Central States 
Ransiear, Wm. A., New York 

Ra at gs Robert C., Rocky Moun- 


Rath ia enry M., New York 

Rz awding, Roy, Kansas 

Rawley, Leo, Central States 
Rawlins, George S., North Carolina 
Rawn, A. M., California 

Rawson, E. Otto, Canada 
Raymond, Nelson I., Michigan 
Raymond, R. P., New Jersey 

Read, Homer V., Central States 
Read, Jack E., Canada 

Reames, H. S., Michigan 

Reardon, Wm. R., Central States 
Reaves, S. H., Georgia 

Rector, K. E., Kansas 

Redding, Harry P., North Carolina 
Redfern, W. B., Canada 

Redman, Geo. W., Pennsylvania 
Reed, Chas. A., California 

Reed, Leon H., New England 
Reed, Paul W., Central States 
Reedy, Timothy D., Michigan 
Reese, Marshall, Pennsylv ania 
Reeve, Lester G., Pennsylvania 
Reeve, S. P., Kansas 

Reeves, C. F., California 

Rehler, Joseph E., New York 

Reid, G. Graham, Canada 

Reid, Geo, W., Florida 

Reidell, A. G., California 

Reiman, F. J., Michigan 

Rein, L. E., Central States 
Reiners, A. oe New Jersey 
Reinhardt, Arthur W., California 
Reinke, E. A., California 

Reisert, Michael J., New York 
Remsburg, W. N., Kansas 

Remsen, John, New York 

Rendell, Theodore, England (I.S.P.) 
Rennels, Willard T., Central States 
Renoud, Gleason L., California 
Requardt, G. J.. New York 
Reuning, Howard T., Pennsylvania 
Reuschel, Earl R., Missouri 

Rew, Myron E., California 

Rey nolds, Leon B., California 

Rey nolds, M.W , Mich igan 
Reynoldson, C. ree Central States 
Renoldson, T. B., ‘England (1.S.P.) 
Rhoads, Edward ioe Pennsylvania 
Rhodes, T. W., Georg ia 

Ribal, Raymond Robt. . California 





Ribner, M., New York 

Ribreau, Gilbert E., New York 

Rice, Archie H., Pacific Northwest 

Rice, Clifton L., Florida 

Rice, John E., Federal 

Rice, John M., Pennsylvania 

Rice, Lawrence G., New York 

Richard, Joseph, Michigan 

Richards, G. H., Canada 

Richardson, C. G., Associate (Dual- 
New England). Also see Builders- 
Providence, Inc. 

Richgruber, a! Central States 

Richheimer, Chas. E., Florida 

Richman, W. F., Central States 

Richter, James B., Central States 

Richter, Paul O., Central States 

Rickard, Grover E., New York 

Rickenbach, Howard F., Pennsyl- 
vania 

Rickey, Clifford E., New England 

Riddick, Thomas M. ., New York 

Ridenour, G. M., Michigan 

Riedel, John C., New York 

Riedesei, G. A., Pacific Northwest 

Riedesel, Henry A., Central States 

Riedesel, P. W., Central States 

Riehl, W. H., Canada 

Riffe, Norman T., California 

Riis-Cartensen, Erik, New York 

Riker, I. R., New Jersey 

Rinehart, Clidus, Central States 

Ritter, Bruce, Michigan 

Ritter, Rollin, Georgia 

Ritter, Roy H., Maryland-Delaware 

Roach, Vincent, Iowa 

Roach, W. H., Dakota 

Roahrig, Henry L., Central States 

Robbins, George T., Florida 

Roberton, L. T., Canada 

Roberts, A. L., Arizona 

Roberts, C. R., New York 

Roberts, E. F., Canada 

Roberts, F. C., Jr., California (Dual- 
Federal) 

Roberts, Jack, New York 

Roberts, W. C., California 

Robertson, John, California 

Robins, Maurice L., Central States 

Robinson, B., Canada 

Robinson, Fred M., Central States 

Robinson, G. G., Canada 

Robinson, I. F., Canada 

Robinson, Philip L., Georgia 

Robinson, W. S., California 

Rocco, John, New 

Rockstraw, F. W., Pennsylvania 

Rodwell, Robert D., Central States 

Roe, Frank C., Central States 

Roe, Joseph P., New York 

Roeller, R. S., Pennsylvania 

Roetman, Edmond T., Pennsylvania 

Rogers, Allan H., New York 

Rogers, D. Paul, Pennsylvania 

Rogers, Harvey G., Central States 

Rogers, Jack C., Federal 

Rogers, John A., New England 

Rogers, M. W., Canada 

Rogers, Milford E., Kansas 

Rogers, W. H., Central States 

Rogus, Casimir A., New York 

Rohlich, Gerard A., Central States 

Rolfson, Orville, Canada 

Roll, A. H., Central States 

Romaine, Burr, Central States 

Romeiser, C. H., Central States 

Roney, L. R., Dakota 

Ronhovde, I. N., Texas 

Roob, F. H., Central States 

Rosemeyer, Alfred, Central States 

Rosen, Milton, Central States 

Rosengarten, W. E., Pennsylvania 

Ross, Hermann M., Central States 

Ross, W. E., Central States 


Rothrock, R. _ aa" 

Rozar, W. C., 

Rowe, —_. ae "Central States 

Rowen, R. W., Central States 

Royer Foundry . Machine Co., As- 
sociate, Att’n: S. B. Davies 

Rubincam, James L., Pennsylvania 

Ruchhoft, C. C., Central States 
(Dual-Federal) 

Ruck, Franklin, Ohio 
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Ruckel, Paul J., Sr., Rocky Mountain 

Rudgal, H. T., Central States 

Rudolfs, Willem (Honorary) New 
Jersey 

Rudolph, R. L., gaa 

Rue, Robert, Ohi 

Ruge, J. eaten ° Florida 

Ruhmann, Ovid G., Central States 

Rumble, G. B., Canada 

Rumsey, James R., Michigan 

Ruppert, E. L., Pacific Northwest 

Ruscica, Samuel, Canada 

Russell, George, Missouri 

Russell, George S., Missouri 

Russell, J. P., Canada 

Ryan, ‘Alfred J., Rocky’ Mountain 

Ryan, J. Samuel, New York 

Ryan, Wm. A., New York 

Rybolt, Howard R., Florida 

Rymer, Mary E., Rocky Mountain 


Saetre, Leif, New York 

Sage, Howard D., New York 

Sager, John C., Central States 

St. John, Conrad H., Florida 

St. Louis County Hospital, Missouri 

St. Louis Public Library, Missouri 

Sala, David W., Central States 

Salle, Anthony, New York 

Salvato, J. A., Jr., New York 

Sammis, L. A., New York 

Sampson, George A., New England 

Samson, Channel, New York 

Samson, R. A., Rocky Mountain 

Sanborn, J. F., New York 

Sanchis, Joseph M., California 

Sander, Irwin P., New York 

Sanderson, W. W., New England 

Dual-New —— 

Sandler, Theodore T 

Sandquist, E., Monta ana 

Sanitary District of Elgin, (Corpo- 
rate), Central States 

Santilli, Frank, New York 

Sargent, Edward C., Ohio 

Sargent, H. H., Central States 

Sauer, Victor W., California 

Savage, Edward, New York 

Saville, Thorndike, New York 

Sawyer, Clair N., Central States 

Sawyer, Robt. W., Jr., New England 

Sayer, Leslie, Rocky Mountain 

Scales, E. P., Georgia 

Schaefer, E dw. J., New York 

Schaetzle, T. C., Ohio 

Schatz, Robert Lie Pennsylvania 

Schaut, Geo. G., Pennsylvania 

Scheak, H. M., Canada 

Scheffer, Louis K., Pennsylvania 

Scheidt, Burton A., Central States 

Schenk, owa 

Scherf, ‘Albert W., Central States 

Schick, V. R., Ohio 

Schier, Lester C., Central States 

Schirk, J. M., Rocky Mountain 

Schlechty, Eugene W., Ohio 

Schlenz, Harry E., Central States 

Schliekelman, R. J., lowa 

Schloss, Chas. M., Rocky Mountain 

Schmit, J. M., Montana 

Schneider, Warren A., California 

Schneller, M. P., Central States 

Schoepfle, O. F., Ohio 

Schott, Edgar C. California 

Schouten, Ernest W., Oklahoma 

Schrader, Elmer C., Montana 

Schreiner, W. R., New York 

Schriner, P. J., Central States 

Schroeder, Arthur W., Central States 

Schroeder, C. A., Central States 

Schroeder, G. W., Canada 

Schroeder, Harry, Pennsylvania 

Schroepfer, George J., Central States 

Schuck, H. W., California 

Schulhoff, Henry B., New York 

Schultz, Ray W., Central States 

Schureman, A. L., California 

Schwartz, Charles F., New York 

Schwartz, H. L., Pennsylvania 

Schwob, Carl E., Federal 

Sciver, A., England (I.S.E.) 

Scott, Cliffton A., — States 

Scott, G. R., Federal 

Scott, Homer iB. ge 

Scott, L. H., Geo: 

Scott, Ralph is ee Conn States 


, Florida 








414 


Scott, Roger J., Central States 
Scott, Rossiter S., New York 
Scott, W., England (1.S.P.) 
Scott, W Canada 
Scott, W. R., Georgia 
Scott, Walter M., New York 
Scott, Warren J., New England 
Scovill, John R., New York 
Scudder, A. P., New York 
Searight, Geo. P., Pennsylvania 
Searls, Glenn, New York 
Seaver, Wirt D., Missouri 
Segel, A., California 
Seid, Sol., New Jersey 
Seifert, Wm New York 
Seitel, iG: ce California 
Seligmann, Irving S., Texas 
Sellers, A. E., England (1.S.P.) 
Seltzer, J. M., Pennsylvania 
Semino, Carlos A., Argentina 
Sencey, Joe, Central States 
Setter, Lloyd R., New York 
Senseman, Wm. B., California 
Sewage Works Engineering, Associate, 
Att’n: Karl M. Mann 
Shank, John J., Pennsylvania 
Shannon, R. C., Michigan 
Shapiro, Robert, New York 
Shapley, William H., lowa 
Shard, R. H., England (I.S.P.) 
Sharp, G. W., Canada 
Sharp, Perry C., Federal 
Shaw, Frank R., Federal 
Shaw, Morton, Central States 
Shaw, Paul A., California 
Shaw, Robert S., New Jersey 
Shea, Walter J., "New England 
Shearer, A. B., c alifornia 
Sheen, Robt. ae Pennsylvania 
Sheets, W. D., Ohio 
Shephard, W. F., Michigan 


Shepperd, Frederick, New York | 
(Dual-New England) 

Shera, Brian L., Pacific Northwest 

Sherman, Leslie K., New England 


Sherratt, Gayle F., Pennsylvania 
Shertzer, J. H., Penns ylvania 
Sherwood, William H., Arizona 
Shields, James L., Pennsylvania 
Shiffer, Russell R., Pennsylvania 
Shillinger, William D., Central States 
Shipman, H. R., Central States 
Shivers, Clifford H., Penns ylvania 
Shockley, C. A., Missouri 
Shockley, Homer G., New York 
Shoebotham, T. B., Central States 
Shook, H. E., California 
Shook, Howard R., Canada 
Showalter, Charles M., Pennsylvania 
Shupe, S., Canada 
Sickler, Archie H., New York 
Sidle, R. S., England (1.S.P.) 
Sieber, John D., Pennsylvania 
Siebert, Christian L., Pennsylvania 
Siegel, John A., California 
Signor, C. V., Pacific Northwest 
Sigworth, E. AS New York 
Silberbauer, Walter R., California 
Simmerman, John S., New Jersey 
Simmonds, I. G., Canada 
Simon, Samuel S., New York 
Simplex Valve & Meter Co., Associ- 
ate, Att'n: Everett M. Jones 
Simpson, Maynard, Central States 
Simpson, Rolland W., New York 
Sims, Chas. H., New York 
Singer, Oscar C. — 
Singleton, M. T., Georgia 
Simmons, M. F., Georgia 
Simonton, Lewis R., Georgia 
Sisler, H. H., Pacific Northwest 
Siverts, Samuel A., California 


Skinner, J. F., California (Dual-New 
York) 
Sklarevsky, Rimma, Maryland-Dela- 


ware 
Slagle, Elmer C., Central States 
Sleath, Aubrey B., New England 
Sleeger, Warren H., Central States 
Sloan, Garrett, Federal 

Slocum, Adelbert I., New York 
Slough, John, New York 
Smallwood, Charles, Michigan 
Smith, A. H., Ohio 

Smith, Benjamin L., New York 
Smith, C. A., California 
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Smith, E. A., Cappelen, New York 

Smith, E. E., Canada 

Smith, Earl T., Michigan 

Smith, Edward J., New York 

Smith, F. L., Canada 

Smith, —— J., New York 

Smith, G. C., E ngland (1.S.P.) 

Smith, Gilbert M., Central States 

Smith, H. G., California 

Smith, Harold, New York 

Smith, Harold L., Michigan 

Smith, Harvey J., Pacific Northwest 

Smith, J. F. , California 

Smith, J. Irwin, Central States 

Smith, L. R., New York 

Smith, Mansel W., Texas 

Smith Manufacturing _ A. 
Associate, Att’n: P. Baere *nrodt 

Smith, Marvin L. pleted lvania 


P., 


Smith, Neal D., € “alifornia 

Smith, Paul L., Maryland-Delaware 

Smith, R. C., New Jersey 

Smith, R. L., Central States 

Smith, R. Trumbull, Pacific North- 
west 


Smith, Ralph A., Central States 

Smith, Robt. J., Michigan 

Smith, Russell S., Federal 

Smith, S. H., Michigan 

Smith, Stanley F., Texas 

Smith, W. Austin, Georgia 

Smith, W. ae E., Canada 

Smith, Walter E., Michigan 

Smith, Willard R., New York 

Smithson, Thomas, Pacific Northwest 

Smithwick, S. Carl, Pacific North- 
west 





| Solboe, 
| Somers, Verne, Central States 


| Speiden, W: 


Sneath, Roy G., Canada 
Snedeker, L. LaVerne, Michigan 


| Snell, J. R., New England 

| Snelsire, Me! _ , Pennsylvania 

| Snider, Central States 

Snook, W. x A., England (I.S.P.) 
Snow, Donald L., Central States 


(Dual-Federal) 
Snow, Willis J., New iS ngland 
Snyder, John A., Jr., California 
Snyder, M. K., Pacific Northwest 
Snyder, N. S., New York 
Snyder, R. F., Ohio 
Sohler, George W., California 
Solander, Arvo A., Federal 
Richard, Central States 


Sommerfeldt, Everett L., New York 
Sowden, Howard J., Central States 
Sowdon, Wm. K., New York 
Spaeder, Harold J., Central States 
(Dual-Ohio) 
Spaeth, Julius, Kz “: sas 
Sparks, Saeerme es Georgia 
Sparr, A. Es 
Spaulding, I ih 
Spear, James J. 
Spear, ee 


y York 
Pac: ific Northwest 
California! 
, Pennsylvania 
Pennsylvania 
, New York 
New York 


Iowa 


Speirs, Peaches W. 
Spencer, Albert W., 
Spencer, City of, (Iowa), 
Spencer, C. C., Federal 
Sperling, Elmer J., Florida 
Sperry, John R., Central States 
Sperry, Walter A., Central States 
Spiegel, Milton, Central States 
Spieker, Roy G., Dakota 

Spier, Daniel R., New York 


Spies, Kenneth H., Pacific Northwest 
Sporseen, Stanley E., Pacific North- 
west 


Spragg, H. J., lowa 

Spriggs, W. R., England (I.S.P.) 
Spry, Fred J., New York 
Spurgeon, Ralph, Central States 
Stack, — P., Central States 
Staley, Kansas 
meee Ww. D , Canada 
Stanbridge, H. H., England 
Stanford, W. J., Texas 
Stanhope, Clifford T., New York 
Stanley, C. M., Iowa 

Stanley, J. B., Texas 

Stanley, Wm. E., New York 
Stapf, R. J., Dakota 

Stapley, Edward R., Oklahoma 


(1.S.P.) 





Stark, Louis, Michigan . 
Starks, Lee W., Rocky Mountain 








| Storrie, Wm., 
| Stotter, Meyer, 


| Strand, Philip E., 
| Strandburg, 
| Strang, J. A., Kansas 





| Stolp, R. C., 





March, 1946 


Stauff, Paul V., Central States 
Staven, Julian, Dakota 

Staynes, E. H., England (1.S.P.) 
Steeg, Henry B., Central States 
Steffen, A. J., Central States 
Steffensen, S. W., New York 
Steffes, Arnold M., Central States 
Stegeman, Paul, Michigan 
Steigman, Harry, Federal 
Steindorf, R. T., Central States 
Steiner, Joseph, ‘Central States 
Steiner, S. K., New York 
Stepanek, Charles H. B., New York 
Stepleton, Harold A., Ohio 
Sterbcow, Edith, Texas 

Sterns, Edward A., New York 


Stevens, Donald B., Federal 
Stevens, Harry, Maryland-Delaware 
Stevenson, Albert H., New York 


(Dual-Federal) 
Stevenson, Ralph A., California 
Stewart, Clyde L., Oklahoma 
Stewart, Dueray L., California 
Stewart, Earl, Canada 
Stewart, ~anada 
Stewart, F. D., Ohio 
Stewart, H. M.. Pennsylvania 
Stewart, Jesse A., California 
Stewart, L. O., lowa 
Stewart, Morgan E., California 
Stewart, R. E., California 
Stewart, W. Hi. New York 
Stiemke, Robt. E., North Carolina 
(Dual-Federal) 
Stigall, J. C., Texas 
Stilson, Alden E., New York 
Stipe, George J., Rocky Mountain 
Stock, Mitchell B., New England 
Stockman, L. R., Pacific Northwest 
Stoker, E. C., England (1.S.P.) 
Central States 
Stone, A. R., England (I.S.P. 
Stone, Ralph, Florida 
Storey, Benjamin M., Central States 
Storm, Wm. H., Central States 
Canada 
New Jersey 
o Ohio 
Central States 


New York 


Straker, M. I 


Charles J., 


Strangard, Edward L. rh alifornia 

Stratton, C ert s H., New York 

Straub, Conrad P., New York (Dual 
Federal) 

Street, Haskell R., Texas 

Streeter, H. W., Federal 


Streeter, Robert L., Rocky Mout itain 
Streeter, S. H., England (1.S.E.) 
Strelow, J. L., Towa 


| Strickland, G. H., Canada 

Strickland, Raymond, Central States 

Stringer, R. M., Georgia 

Strockbine, Walter, Pennsylvania 

Stroessenreuther, G. A., Central 
States 


Strohmier, Charles W., Pennsylvania 


Strong, A. L., Montana 


Strong, Bruce F., New York 

Strowbridge, John C., New York 

Stuart-Brumley Corp., Associate, 
Att’n: Fred E. Stuart 

oie ee ge Leo, New York 

Studinski, C. R., Rocky Mountain 

Sturgeon, R rem Canada 

Stutz, C. N., C entral States 


Sulentic, S. A., Kansas 

Sullivan, Fred O., Central States 
Summers, M. W., England (1.S.E 
Sund, Gutorm, Central States 
Susa, Stephen A., Pennsylvania 
Sutcliffe, H. W., Canada 
Suter, Max, Central States 
Sutherland, Henry M., New 
Sutter, Oliver, Ohio 

Suttie, R. H., New England 
Sutton, R. W., England (I.S.P.) 
Svenson, Sven, Kansas 

Svore, Jerome H., Dakota 

Swab, Bernal H., North Carolina 
Swartz, Martin, North Carolina 
Swearingen, W. H., Montana 
Sweeney, J. Stanley, Florida 
Sweeney, R. C., New York 
Swender, Harvey P., Iowa 
Swenholt, John, New York 


York 





wrt), aT 


dit dian anii et: tai 
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Swenson, John P., Georgia 

Swinehart, Eugene Bs: eanapbvenite 

Swink, Earl M., Missouri 

Swope, Gladys, ‘Central States (Dual- 
Pennsylvania) 

Sylliassen, O., Pacific Northwest 

Sylvester, Wra. L., New York 

Symons, G. E., New York 

Szymanski, John R., New England 

Szymanski, Walter c California 


Tabor, James Vernon, Pennsylvania 
‘aggart, R. S., New York 
‘allamy, Bertram Dalley, New York 
illent, Lee H., Rocky Mountain 
amer, Paul, New York 
apleshay, John A., Central States 
‘apping, C. H., Central States 
arbell, W. P., Dakota 
arbett, R. E., Federal 
fark, M. B., Pennsylv ania 
ralton, E llis A.. New England 
arman, John E. , Pennsylvania 
‘aylor, Arthur, California 
aylor, D. R., Florida 
aylor, F. W., Georgia 
aylor, Frank S., Oklahoma 
ay ep memaated mm. Co 
(1L.S.E 
aylor, if., England (I.S.P.) 
aylor, Henry W., New York (Dual- 
Pennsylvania) 
aylor, J., England (1.S.P.) 
aylor, Spencer R., California 
Taylor, Warren G., New York 
Teisinger, F i Iowa 
Tempest, W. F., Central States 
Temple, N. i Pennsylv ania 
Tennant, H. V., Central States 
Terhoeven, G. E., Federal 
Ternent, Andrew, Canada 
Terrill, James G., Jr., California 
(Dual-Federal) 
Terry, Frank, New York 
Tetzlaff, Frank, New York (Dual- 
Federal) 
Thalheimer, Marce, Central States 
Thamasett, Otto E., New York 
Thatcher, E. F., Missouri 
Thatcher, Fred A., New York 
Thatcher, H. D., England (I.S.P.) 
Thayer, Paul M., Central States 
Thayer, Reginald H., New York 
heriault, E. J., Federal 
Theroux, Frank R., Michigan 
Thews, Vernon W., California 
Thoits, Edw. D., California 
Tholin, A. L. Central States 
Thomas, A _E —— (i:S.P.) 
. HH. , Canada 
Thomas, Ariel Ps Central States 
Thomas, 4 Cs. Canada 
Thomas, E. R., North Carolina 
Thomas, v ernon B., Ohio 
Thompson, H. Loren, Central States 
Thompson, N. J., Rocky Mountain 
Thompson, Robert B., New England 
Thompson, S. E., Central States 
Thompson, Thomas C., New York 
Thompson, Walter E., New England 
Thomson, F. N., New York 
Thomson, J. B. F., New York 
Thorn, William J., Pennsylvania 
Tier, J. V., Florida 
os: Lawrence J. J.. New Eng- 
anc 
Tigrak, Mehmet Fuat, Central States 
Timanus, C. S., Kansas 
Timmons, Cy rus L. .. Florida 
Tippy, Kenneth Clem, New England 
er Lee O., Texas 
Todd, Leon J., Central States 
Todd, Stanley B., New York 
Tolles, Frank C. Ohio 
Tolman, S. 1. New York 
Tomek, Arthur O., Central States 
Tomm, LaVern M., New York 
Tompkins, Lloyd, Michigan 
Towne, John W., Central States 
Towne, W. W., Dakota 
Townend, a B., England (I.S.P.) 
Townsend, Darwin W., Central States 
Tracy, Edward New England 
Trautman, Robert J., Maryland-Del- 
aware 
Travaini, Dario, Arizona 


UTE Eee ests, 


England 











Travers, V. P., Florida 

Trebler, H. A., Pennsylvania 

Troemper, Paul A., Central States 

Trostle, N. E., Texas 

Trotter, Roy M., California 

Troutman, LeRoy, Federal 

Trulander, Wm. M., Central States 

Tuhus, Kenneth, Central States 

Turley, Comer, Georgia 

Turner, J. R., Ohio 

Turner, Wm. S., Pacific Northwest 

Turpin, U. F., Central States 

Turner, Homer G., Pennsylvania 

Tuttle, Leon E., New England 

Twin City Testing & Engr. Lab. (Cor- 
porate), Central States 

Tygert, C. B., Pennsylvania 

Tykosky, Frank, Michigan 

Tyler, H. G., Canada 

Tyler, Jacob W., New York 

Tyler, R. G., Pacific Northwest 


UhlImann, Paul A., Ohio 

Umbenhauer, <" Je Pennsylvania 

Underwood, J. § , Canada 

United States Pipe & Foundry Co., 
Associate 

University of Calif. Library, Cali- 
fornia 

University of Southern Calif. General 
Library, California 

Updegraff, W. R., California 

Upton, Frank W.. New York 

Upton, Glenn, Central States 

Urban, Robert C., New York 

Ure, Douglas G., Canada 

Urick, R. H., Iowa 

Urquhart, M. B., Rocky Mountain 

Uyanik, Mehmet E., Central States 


Vaaler, Adrian W., Pacific Northwest 

Van Atta, J. W., New York (Dual- 
New England & Pennsylvania) 

Van Blarcum, B. H., zone 

Vandenberg, Alfred John, California 

Van Denburg, J. W., New York 

Vanderlip, Arthur N., New York 

Van Der Vliet, Henry, New Jersey 

Van Derwerker, a J., Federal 

Van Deusen, Claude R. New York 

Van Deusen, E. J., New York 

Van Deventer, M. S., Missouri 

Van Horn, R. B., Pacific Northwest 

Van Kleeck, LeRoy W., New England 

Van Ness, Joseph A., Rocky Moun- 
tain 

Van Norman, Jas. H., California 

Van Pelt, Richard, California 

Van Praag, Alex, Jr., Central States 

Vapor Recovery Systems Co., Associ- 
ate, Att’n: C. T. Stanhope 

Varner, Frank S., Pennsylvania 

Vaseen, V. A., Rocky Mountain 

Vaughan, E. A., California 

Veale, J. C., England (1.S.P.) 

Veatch, F. M., Rocky Mountain 

Veitch, Wm. M., Canada 

Velz, C. J.. New York 

Velzy, C. R., New York 

Venables, W. M., Canada 

Venn, Frank, Michigan 

Vensano, H. C., California 

Ver Dow, William H., New York 

Verhoek, J. B., Central States 

Vest, W. E., North Carolina 

Victoria, John, New York 

Vincent, G. G., Canada 

Vinson, A. T., Florida 

Vivier, Harvey, New England 

Voden, Stewart, Montana 

Vogelbein, Charles J., Missouri 

Vognild, R. O., Pacific Northwest 

Voigt, Richard C., New York 

Volonte, August F., Maryland-Dela- 
ware (Dual-Federal) 

Volpp, A. G., Pacific Northwest 

Vosicky, Frank E., Pennsylvania 

Vredenburg, Edward L., New York 

Vrooman, Morrell, New York 


Waddell, W. H., Canada 
Wade, W. + Cental States 
Wadhams, S. H., New England 
Wagenhals, ie Oe «. New York 
Waggoner, E. R., California 
Wagner, E. P., New York 
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Wagner, Edwin B., Pennsylvania 

Wagner, Vincent, Pennsylvania 

Wahlstrom, Carl A., Central States 

Wailes Dove-Hermiston Corp., Asso- 
ciate, Att’n: W. H. T. Thornhill 

Waite, Paul W., Pennsylvania 

Wakeley, Guy B., Central States 

Walbridge, Thornton, Central States 

Walker, C. C., Ohio 

Walker, Chas. L., New York 

Walker, Edward A., Pennsylvania 

Walker, J. Donald, Central States 

Walker, James G., New York 

Walker, W. P., Jr., Texas 

Walker, William W., Federal 

Wallace & Tiernan Co., Inc., Associ- 
ate, Att’n: B. M.L indsay 

Wallach, Arthur, Federal 

Walters, F. Y., Canada 

Walters, Grover L., California 

Walton, Graham, Central States 

Ward, A. R., England (I.S.P.) 

Ward, C. N., Central States 

Ward, Oscar, Central States 

Warden, Lotus A., Central States 

Wardle, J. McClure, New York 

Wardwell, T. M., Central States 

Ware, Howard, New York 

Waring, F. H., Ohio 

Warner, E. L., Pacific Northwest 

Warner, Richard G., Dakota 

Warren, George D., New York 

Warrick, L. F., Central States 

Washburn, Howard C., New York 

W: ashington State Pollution Commis- 
sion, Pacific Northwest 

Water Dept., (Lenoir, N. C.), North 
Carolina 

Water & Sewage Works (New York, 
N. Y.), Associate 

Waterman, E — L., Iowa 

Waters, Geo. Central States 

Watkins, F. a Pe nnsylvania 

Watmough, W. W., Canada 

Watson, C. K. F., England (1.S.P.) 

Watson, Carl H., New York 

Watson, David M., England (I.S.E.) 

Watson, H., England (I.S.P.) 

Watson, Henry G., Rocky Mountain 

Watson, W., England (1.S.P.) 

Watters, T. C., Central States 

Weachter, Horace, Pennsylvania 

Weasner, Leo, Central States 

Weatherby, Charles H., New York 

Weaver, E. D., Canada 

Weaver, W. H., Georgia 

Webber, R. H., Canada 

Weber, Robert R., Ohio_ 

Webster, Roy W., Pacific Northwest 

Webster City, City of (lowa), lowa 

Wechter, W. H., New York 

Weed, Sam A., California 

Weeber, Earl R., Michigan 

Wedeman, John D., New York 

Weibel, S. R., Federal 

Weil, Harold M., New York 

Weir, E. McG., England (1.S.P.) 

Weir, H. McLean, Canada 

Weir, Paul, Georgia 

Weisel, W. O., Pennsylvania 

Weiss, F ederico F., Argentina 

Weiss, R. H., Texas 

Welker, Leland A., New York 

Wells, E. Roy, Central States 

Wells, H. O., Texas 

Wells, S. W., Florida 

Welsch, W., Frederick, New York 

Wenger, J. H., Ohio 

Wenselblat, Nicolas R., Argentina 

Wentworth, John P., New England 

Wertz, C. F., Pennsylvania 

Wertz, Leroy F., Ohio 

Wesby, Vernon L., Central States 

West, A. W., Central States 

West, L. E., New Jersey 

Westergaard, Viggo, New York 

Westfall, Milton, Central States 

Westgate, Thomas A., California 

Weston, Arthur D., New E ngland 

Weston, H. S., England (1L.S.P.) 

Weston, Roy F., Pennsylvania 

Westwood, H. W. D., England (I.S.E.) 

Wheeler, C. E., Jr., Central States 

Wheeler, Robert C., New York 

Whelchel, H. E., Georgia 

Whipple, Frank E., Texas 








416 


Whipple, Melville C., New England 
Whitby, Stephen S., Pennsylvania 
Whitcomb, Leon R., Pennsylvania 
White, Clyde, Texas 

White, F. L., Pennsylvania 

White, Geo. C., California 

White, H. H., California 

White, Paul R., Central States 
White, R. E., California 

White, R. H., England (I.S.E. 
White, Roy, Central States 

White, W. E., Texas 

Whitehead, F. E., New Jersey 
Whitlock, Ernest W., New York 
Whitlock, Henry C., New England 
Whitney, Alfred C., Central States 
Whittaker, H. A., Central States 
Wiest, Gordon J., Pennsylvania 
Wieters, A. H., Iowa 

Wightman, J. ee Michigan 
Wigley, Chester G., New York 
Wild, Harry E., Florida 

Wiley, Averill J., Central States 
Wiley, John S., Federal 

Wilkes, F. Dean, Canada 

Wilkins, George F., California 
Willett, C. K., C entral States 
Williams, -, C., Pennsylvania 
Williams, Chas. H., Pacific Northwest 
Williams, Chas. W., Central States 
Williams, Clyde Central States 


Williams, G. Bransby, England (I.S.- 
E. 


) 
Williams, pare W., Central States 
Williams, J. T., Canada 
Williams, Johnnie E., Texas 
Williams, Leon G., Central States 
Williams, S. J., Michigan 
Williams, W. B. .. Michigan 
Williams, William D., Pennsylvania 
Williamson, A. E., Florida 
Williamson, Joe, Jr., Florida 
Wilson, rae Canada 
Wilson, C lowa 
Wilson, Donald i... 
Wilson, F. E., Florida 
Wilson, Harry L., Central States 
Wilson, J. Preston, Rocky 
Wilson, John N., Federal 
Wilson, Murray A., Kansas 
Wilson, N. Bruce, Canada 


Dakota 


Mountain 


SEWAGE WORKS JOURNAL 


Wilson, R. a eg States 
Wilson, R. » Ohio 

Wilson, aeteak . ’ Central States 
Wilson, Walter, Texas 

Wilson, William B., Canada 
Wilson, W. G., Canada 

Winch, Norman M., New England 
Windridge, M. E. D., sr (1.S.P.) 
Winebrenner, K. J., Montana 
Winfield, Wilmer M., New York 
Wing, Frederick K.., — York 
Winne, Geo., New Yor 

Winsor, C. E., Resid (1.S.P.) 
Winston, Joe B., Texas 
Wintersgill, A. 7 California 

Wirt, R. M., Pennsylvania 

Wirts, John oz Ohio 

Wise, Melvin 3, California 

Wise, William S., New England 
Wisely, F. E., Central States 
Wisely, W. H., Central States 
Wishart, J. M., England (I.S.P.) 
Wismer, J. Sarl, Pennsylvania 
Wisniewski, Theo, Central States 
Witcher, C. Preston, Michigan 
Wittmer, Earl F., Ohio 

Wittwer, N. C., New Jersey 
Woese, Carl F., New York 
Wojdugo, J. M., Central States 
Wolf, Wm. E., Central States 
Wolfteich, John, New York 
Wolman, Abel, Maryland-Delaware 
Wolterink, Paul, Michigan 
Woltmann, J. J., Central States 
Wontner-Smith, H., England (1.S.P.) 
Woo, Francis H., California 

Wood, George L., California 
Wood, Herbert M., New York 

| Wood, J. R., Canada 

Wood Co., R. D., Associate 
Woodburn, James G., Central States 
Woodhouse, Herbert M., Canada 
Woodring, R. W., Pennsylv ania 
Woodruff, F. L., Ohio 

Woodrum, Logan, Central States 
Woods, W. G., Canada 

| Woodward, John D., Pennsylvania 
| Woodward, R. L., Federal 

| Wooley, Chas., New York 

| Woolidge, H. V., Canada 











| Zeller, P. J. A., 
| Zetterberg, Edw., Central States 


March, 1946 


—— Frank M., Jr., North Caro- 

ina 

Wormuth, W. H., New York 

Worrest, Howard A., Pennsylvania 

Worthington, Erastus, New England 

Worthington Pump Machinery 
Corp., Associate 

Wright, Arthur, Rocky Mountain 

Wright, Arthur, New Jersey 

Wright, Charles T., Federal 

Wright, Edw., New England 

Wright, Edward C., Missouri 

Wright, L. R., California 

Wright, Scott, Texas 

Wurtenberger, Helen, Central States 

Wyant, Clifford, Pennsylvania 

Wyatt, Bradley W., California 

Wyckoff, Charles R., New York 

Wyckoff, H. A., Georgia 

Wyllie, Geo. F., Michigan 

Wymore, Allan H., Missouri 


Yaeck, Arthur W., Canada 

Yaffee, C. D., Federal 

Yeager, Bert T., Dakota (Dual-Cen- 
tral States) F 

Yenchko, John, Penhsylvania 

Yeomans Brothers Co., Associate, 
Att’n: Chas. Yeomans (Corporate), 
Central States 

Yerkes, Milton R., Pennsylvania 

Yoder, M. Carleton, California 

York, Walter H., Georgia 

Yost, Harold W., Arizona 

Young, Alden W., New York 

Young, C. H., Pennsylvania 

Young, Norman C., Pennsylvania 

Yow, W. E., North Carolina 


Zack, Samuel I., New York (Dual- 
Pennsylvania) 

Zander, Karl L., Federal 

Zele, Alexander o New York 

Texas 


Ziegler, C. H., Pennsy lvania 
Zievers, Robt. J., California 
Zimmer, W. E., Michigan 
Zoglmann, Martin, Central States 
Zorn, Ray H., Ohio 

Zydallas, Charles, New Jersey 








